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THE MANY-FACETED LEITZ ORTHOLUX combined incident and transmitted illumination, 











...Widest-range Universal Research Microscope right field, dark field, phase contrast, polarized | 


The many-faceted Ortholux meets the requirements "4 fluorescent methods. The new “Orthomat” 


of creative research for infinitely varied and subtle : : : ‘ 
scientific observations. It truly represents Leitz’ > gee ford yor ply i With 
more than 110 years of optical experience and the Aristophot” it becomes a photomicroscope 


combined with the Ortholux effortlessly permits 


‘ 2 H ” ” 
uncompromising exactitude. With intricately inter- for sizes up to 4” x 5”. , 


designed systems of optics, illumination and : 
mechanics, the Ortholux puts at your disposal a Write for Complete Details and Specifications of This 
multiplicity of techniques including separate or Incredibly Versatile Instrument. 
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Sate al et MING CUETO C ER Rice 6 Poa enia E. LEITZ, INC., 468 Park Avenue South, New York 16, N.Y, 
is Latemsa cAmgnAS  CoNDES [phoUSTONS 'menoeoenes.  Centiomen: a oo 
(C Please send me complete information on the ORTHOLUX, 

C) Kindly have Leitz representative phone for appointment 

. — the ORTHOLUX system at no obligation 
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PROBABLY THE WATER IS ALL RIGHT! 


A cool drink from the common cup. A small 
chance. Usually no one suffexs for it. Usually. It’s 
human nature to take chances. Except at Nutri- 
tional Biochemicals. There, human nature gives 
way to perfectionism. Because lives depend on the 
absolute purity of N.B.Co.’s biochemicals. So does 
successful research. In ordering one of N.B.Co.’s 
2600 biochemicals, you express confidence, 
Confidence in a company whose only business is 
preparing pure biochemicals. A company whose 
world-wide volume brings you pure biochemicals 








at low prices. Send for our Free catalogue today. 
Or call us at MOntrose 2-0214, Cleveland, Ohio. 


NUTRITIONAL BIOCHEMICALS CORPORATION 
21010 Miles Avenue «- Cleveland 28, Ohio 
24-Hour Delivery in the U.S.A. «+ Slightly Longer Anywhere Else 


Send for our free June, 1961 Catalog containing 
more than 2600 items. Fill out coupon and mail 
today for your copy. 
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SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Secand-class postage paid at Washington, D.C., and 


additional mailing office. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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MICROSCOPES 


INVERTED LABORATORY AND RESEARCH MODELS CAMERA-MICROSCOPES 
Brightfield Laboratory Models: Phase Research Models: The all-purpose micrescope. for, visual, examination, 
MONOCULAR MODEL MIC. Four brightfield ob- HO. 20. 40%. 100K. Cai) in bth nt hea sche rex PR 0 on omueroarant 9 FE te 


ives 5X, 10X, 40X, 100X (oil); eyepieces 5X, 10X 

5X; ample height adjustment of condenser- ‘uml. 
nator for even large culture bottles; $ 409 
built-in base transformer. ° 
BINOCULAR MODEL BMIC. Binocular version $609 
of Model MIC, with camera mechanism, * 


Brightfield Research Models: 


MONOCULAR MODEL BR-MIC. Five brightfield ob- 
er 5X, 10X, 20X, 40X, 100X (oil); eyepieces 5X, 
OX, 15X; rack and pinion ‘condenser mechanism with 
individual centering adjustments for condenser and 
illuminator; elevating compartment provides $ 545 


medium contrast; eyepieces 5X, 10X, 15X; high inten- 
sity Koehler- -type illuminator; five-choice intensity trans- 
former; phase turret condenser with aperture $8 12 
for brightfield; elevating base. 


oc Ng Pt aH ke quod 

version of Mode plus built-in 

camera mechanism. $ 1012. 
Prices include optics, cabinets, filters, special 
slides, petri dishes, and basic accessories. The 
built-in. camera mechanism is standard with 
binocular models and available as an accessory 


on revolving turret. Accessory attachments for 35mm., 
Polaroid, and movie cameras. Low-power (5X-40X) 
accessories available. Needs only 9” x 12” table space. 


Brightfield Research Models: 


MONOCULAR MODEL U-12. Same objectives $1 195 
and visual eyepieces as Model BR-MIC. 


BINOCULAR MODEL BU-12. Binocular 
version of Model U-12. 


$1379. 


Phase Research Models: 
MONOCULAR MODEL U-13. Same phase objectives, 





handy storage for accessories. Pane for monoculars. Accommodates 35mm. camera weilese oa ane ~ we $1 390. 
BINOCULAR MODEL BR-BMIC. Binocular version o' back or Polaroid Land Camera Attachment. 

x i i : BINOCULAR MODEL BU-13. Binocular 
Model BR-MIC, with camera mechanism. €745, goth available at extra cost. version of Model U-13. , $1580. 


Only UNITRON inverted Microscopes Offer ALL These Advantages 


accommodates slides, wet mounts, special glassware, warming 
chambers and micro-manipulators @ unobstructed stage for 
easy access @ built-in, correct intensity illumination @ glare- 
free coated optics @ special petri dishes for observation 
of cultures even by highest power oil immersion objective @ | 
graduated mechanical stage @ accessory camera attach- | I'd like to try UNITRON Model ............ absolutely free for ten 
ments @ long working distance 40X objective and other LI days with no obligation. Send details. 

accessories also available | [_] Send me your complete catalog #4-s-3 


ASK FOR A FREE 10-DAY TRIAL. You be the judge in | 


your own lab. Select the model you want. Then fill out and 


ae ba ey, 
UNITRON 

, INSTRUMENT COMPANY - MICROSCOPE SALES DIV. 

66 NEEDHAM STREET - NEWTON HIGHLANDS 61, MASS. 


NAME 














erred 





mail the coupon. Microscopes sent and returned at our ance tan pees 

expense. You assume no obligation. Or if you want more | ADDRESS 

data on these and other UNITRON microscopes, use coupon | city ZONE STATE 

to request our complete catalog. id —— ee 
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Batatiar Mew, Ctegarics for Old «i ok cov os ccd oo aan ds bee ee 439 


AviGies ‘Solar: Research from, Rockets: KR. -Tousey. ... . 2 2. an Ses oe eee, 441 


The greatly broadened spectrum above the atmosphere opens a new realm 
for astrophysics. 


X-ray Fluorescence Analysis in Biology: 7. Hall 


Both standard and special x-ray methods can help in the difficult study 
of low-concentration elements. 


< a eaie aie 449 


‘he Peveeeeey Of the Semis A Bee... Sha ig wi ecu 456 
A definite personality pattern, encompassing a wide range of traits, 
characterizes the creative scientist. 


Science and the News The School Bill: As Usual It Is in Trouble; Notes on Disarmament, Satellites and Radio 
Astronomy ka: ar 


Book Reviews A. Sandage’s The Hubble Atlas of Galaxies, reviewed by F. K. Edmondson; 
other reviews SC c.g: tie inte, Sh oan a 464 


Reports Host Alternation of Spruce Broom Rust: R. S. Peterson ................ ccc eeeaees 468 


Preference Factors in Experimental Alcoholism: R. D. Myers and R. Carey ..:...... 469 


Suppressor of Pyrimidine 3 Mutants of Neurospora and Its Relation to 


FUSING SVTIUHCSS: De. FRC PHAR? $cc, og sss soa Eee oe oe ae ee 470 
i Arginine and Pyrimidine Biogenesis in Neurospora: J. L. Fairley and A. B. Adams .... 471 
Antifungal Agent: M. C. Egeberg, A. F. Elconin, R. O. Egeberg ................... 472 
j Significance of Some Fossil Wood from California: C. G. Higgins ................. 473 
: Benzpyrenes in Soil: M. Blumer Men a eee 474 
, Hemorrhagic Disease in Rodents Infected with Virus Associated with Thai 
4 Hemorrhagic Fever: 5. B. Halstead and E. L. Buescher ...... 22. <6 2.2 daSauee 475 
. 


Departments Comparative Endocrinology; Forthcoming Events ................. 0.0.0 cece ewan 477 
New Products : an OER st CE re 


| Letters from B. Commoner, M. W. Friedlander, E. Reiss; P. H. Klopfer; W. J. 
Turner; B. Fullman; R. L. DeHaan and M. Schneider; R. Boyko; H. C. Sipe; 
| | Ba ACIS AN EP. MOSER oan ek Si inc Sid Sie 4 tha Sets & oles ele re ee 495 


Cover NGC 5128 shows one of the most peculiar objects in the sky. Walter Baade and 
Rudolph Minkowski believe it is two galaxies in collision. From The Hubble Atlas of 
Galaxies, reviewed on page 464. [Carnegie Institution of Washington] 





NEW MAGNETIC DATA RECORDER 


ane designed for medical researchers, 
teachers and clinicians. Economical data 
storage ... designed to instrumentation standards 
... precise repeatability for data processing... 
wide band width ... time scale expansion or com- 
pression... economy and reuseability of tape... 
these are some of the advantages of adding this 
magnetic data recorder to your recording facilities. 


The Sanborn-Ampex Series 2000 Magnetic Data Re- 
corder serves as an ideal companion to other Sanborn 
instruments for biophysical research. Any phenom- 
ena routinely recorded on a direct-writing or photo- 
graphic recorder may be recorded on magnetic tape, 
using the same preamplifiers. Data thus stored can 
later be graphically recorded for detailed study or 


teaching purposes, displayed on a meter or ’scope, 
or fed into a computer for processing and statistical 
analysis. 

Operation of the instrument is simple and straight- 
forward. All channels may be quickly aligned without 
need for auxiliary equipment. 


For complete information call the nearest Sanborn 
Branch Office or Service Agency — or write Manager, 
Research Instrument Sales. 


SANBORN-AMPEX SERIES 2000 MAGNETIC DATA 
RECORDER in mobile cabinet provides up to 7 recording channels, 
4 tape speeds, power supply and Sanborn plug-in electronic circuits 
for either FM (DC to 6000 cps) or direct recording (50-50,000 cps). 
The system uses 44-inch tape on 1044-inch reels for up to 3.2 hours 
of continuous recording. 


SANB ORN COMPANY MEDICAL DIVISION, WALTHAM 54, MASS. 
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FOR ATP MICROASSAY— DEHYDRATED FIREFLY TAILS —The most sensitive method* for 
assaying the minute levels of ATP found in biological systems. Use Schwarz’ ATN, crystalline 
‘disodium adenosine 5’-triphosphate, to standardize your assay @e SCHWARZ BIORESEARCH iS 

the primary manufacturer of phosphorylated adenosine compounds including isotopically labeled ° 
forms. @> FIREFLY KIT TO DEMONSTRATE BIOLUMINESCENCE — Provides enough dehydrated 
firefly tails and ATP for 10 dramatic—and convenient — demonstrations. 











The light for the photo was provided ely by firefly tails 


*For your copy of the latest revised procedure for assay of ATP and for further information on these and other nucleic acid derivatives write to Dept. HB: 


SCHWARZ BIORESEARCH, INC. Mount Vernon, New York « BIOCHEMICALS. RADIOCHEMICALS, PHARMACEUTICALS, for research, for medicine, for industry. 


_—— 








LABORATORY INTERFEROMETER 


For concentration measurements of solutions and gaseous 
mixtures. Numerically determines refraction value differences 
against comparison standards. This extremely easy-to-use 
instrument develops a higher order of accuracy than any 
other of its type. 


¢ Liquid examination applications ... water examination institutes; ocean- 
ographic studies; food product testing; medical, pharmacological, and 
physiological institutes; plastic and textile industry 


e Gaseous examination applications ... gas industry; mining; rubber and 
linoleum factories; incandescent lamp manufacture; hospitals and tu- 
berculosis clinics; physical, physico-chemical and chemical institutes 


TECHNICAL DATA 


Range of measurement — 
5 to 5000 units of the fifth decimal 
of the refractive difference An, 
subdivided according to the length 
of chamber 


Limit of error — 
+2 units of the eighth decimal to 
2 units of the fifth decimal of the 
refractive difference An, likewise 
in accordance with the length of 
the chamber 


ABBE REFRACTOMETER scientific 
This newly designed instrument : — 
measures the refractive index of 
liquids, fats and oils as well as plas- 

tic and solid materials. 


e Interchangeable prism casing with insu- : . 
lated lock ‘ : progr ess 
* Easier reading and increased measure- 
ment accuracy ie 
* Safe, dust-proof scale housing - 
¢ Pinion head conveniently positioned for for 
easy manipulation of border line setting . 
Adjoining scales for refractive index and 
dry substance 
* Measurements with higher or lower tem- 
peratures 


TECHNICAL DATA 


Range of measurement — 





FOOD PRODUCTS (SUGAR eee ns Pag! Oe oe 
AND OIL) REFRACTOMETER Limit. of error — 
: : Aes . efractive index. +1 to 2 units of the fourth 
4 This precision production con- deci 
trol and laboratory instrument Dry substance + 0.1 to 0.2% 


f 24 is designed for rapid tests in 
é so a series to determine dry sub- 
Ps 2 stance or water content. 


¢ Surface of double prism opens 





Re eo J horizontally to facilitate filling 
with sample 

e Easy to manipulate DIPPING REFRACTOMETER 
+ Fast, accurate measurements | This is the most accurate of all refracto- 
* Economical use of test material ‘ I] eg instruments. A complete range 
y of ten heatable and ten non-heatable 
TECHNICAL DATA a prisms permits rapid analysis, even at 
Range of measurement — high temperatures. Boundary line posi- 
Sante ies 0 to ba en tion is read from scale containing 110 
nL divisions, Readings can be made to one- 





Dry substance + 0.1 to 0.2% tenth of a scale division by means of a 
Refractive index +1 to 2 units of me micrometer screw, 


the fourth decimal 
TECHNICAL DATA 


Range of measurement — 1.3254 to 1.6470 
Limit of error — + 2 units of the fifth decimal of the 
refractive index 





Complete information may be obtained from your local Carl Zeiss Jena instrument dealer or by writing:, Dept. $8/61 
EE a Cc oO ~ Ercona Corporation, Scientific Instrument Division, 16 West 46th Street, New York 36, N.Y. 
In Canada: Jena Scientific Instruments Ltd., 1437 MacKay Street, Montreal, Quebec 
412 
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Actaims GyClO=WMIXORS in. an ewe on ma 


quick, complete, and easy...do away with time-consuming and fatiguing hand mixing...eliminate possible contami- 
nation from finger-capping or stirring rods. You can mix liquids of different densities ... prepare liquid emulsions... 
dissolve solids of low solubility efficiently and conveniently with an Adams Cyclo-Mixer. 

Single-Unit Cyclo-Mixer with Foot Switch: When used with the unique Clay-Adams Foot Switch, both hands are 
left free for holding tubes or flasks. The compact, easily portable Single-Unit Cyclo-Mixer mixes solutions, dissolves 
most solids in only seconds. It accommodates containers of various shapes and sizes—from 0.25 microchemistry 
tubes to 40-mm. diameter tubes and flasks. 

For procedures requiring prolonged, controiled mixing in test tubes: Two-Unit or Four-Unit Cyclo-Mixers 
provide any desired degree of agitation—from gentle mixing to violent churning. | 
They operate at 3 speeds with separate motor and speed control for each tube. Clay- | 
Equipped with interchangeable cups, they can accommodate round-bottom tubes Ad | 
from 15 mm. to 25 mm. in diameter and up to 200 mm. in length. Tube clips and sup- | a Q/TIS 
port bars eliminate the need for constant monitoring. Available from your dealer. | New York 10, N. Y. 
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Cyclo-Mixer, Single Unit, with foot switch = Mixing time required 


--each $68.50 for one typical laboratory 
Cyclo-Mixer, Single Unit, without foot 
NONE bcs cinpthice hs eee om each $59.50 procedure reduced from 





20 minutes to 11 seconds! 





CYCLO-MIXER’ 


we. ee 





a CLAY- ADAMS. INC . NEw YoRK 10 














Cyclo-Mixer, Four Unit ..... each $248.00 y 
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labware 
comes 





AQUET 


Remarkably effective liquid detergent that 

cuts through grease like a knife, yet is absolutely 
safe and gentle even to tender hands and skin! 
CONVENIENT: Always ready to use. Never cakes up 
like powdered soaps or detergents. Comes in handy 
reusable squeeze-bottle dispenser that’s leakproof; 
liquid can’t be forced out of bottle by 

changes in temperature or atmospheric pressure. 
DEPENDABLE: Won’t break down in the presence 

of acids or bases. FAST: Eliminates time-consuming, 
energy-consuming scrubbing and scraping. 

Does away with wiping because Aquet leaves only 
a tissue-thin residue of water; glassware 

dries by itself in 2 minutes with no trace of film. 
G700—aquET—One pint in polyethylene 

dispenser bottle, each $2.05, per doz. $22.15 


with CHROMERGE 


Instantly outmodes customary cumbersome methods 
of cleaning labware. Easy as A-B-C! 

(A) Add 25 ml. bottle of Chromerge to standard 9 Ib. 
container of concentrated sulphuric acid. 

(B) Cover container, shake well for about 30 seconds. 
(C) Super-efficient chromic-sulphuric 

acid solution is mixed and ready to use. 

SAFE: No danger as with old-fashioned methods 
requiring the long, tedious job of 

boiling sulphuric acid with potassium dichromate. 
MORE EFFECTIVE: More powerful solution. 

Removes stubborn deposits that resist other cleaners; 
yet Chromerge protects glass surfaces, 

is chemically and bacteriologically clean. 

Preserves the capacity of volumetric wear, 

gives a perfect miniscus for precise volumetric work. 
T701—-cHROMERGE—package of six one-ounce 

vials, $5.95 Case of 4 packages, $21.00 

FOR BEST RESULTS, preclean labware with 


AQUET, then treat with CHROMERGE 


——— She EMIL, GREINER Zo. 


Pars 
ES, 20-26 N. Moore Street, Dept. 427, New York 13, WN. Y. 


LAB- 
WARE! 














414 SCIENCE, VOL. 134 











" 
‘ 
: 





are 
Im. 
ene 
15 


ods 
-C! 


cid. 
ids. 
iric 
ise. 
ods 
> of 
ate. 
on. 
ers; 
ces, 
an. 
ear, 
rk. 


nce 


pith 
GE 


dD, 


134 








tenhAy  AAAR 
30 Ny it LAR wm 


8 


TRANSMITTANCE 
& 
° 








175 1755176 WES 177 1775178179160 181 1631s ea eae es 
Air and nitrogen, 2 cm. cell, 14-minute scan. 


Far Ultraviolet Spectrum of Oxygen. 
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Pure oxygen, 10 cm. cell, 30-minute scan. 


FAR ULTRAVIOLET SPECTRAL REGION OPENED BY 
NEW PERKIN-ELMER MODEL 350 SPECTROPHOTOMETER 


With Perkin-Elmer’s new Model 350 UV-VIS-NIR Spectro- 
photometer, you can detect and measure less sample —over a 
wider wavelength range—with greater precision—than with 
any other ultraviolet instrument. The Model 350 provides 
this capability routinely from 175m, in the far ultraviolet to 
2.7, in the near infrared. You get analytical versatility over 
the widest wavelength range and through the widest range 
of optical densities. Compare these advantages offered by 
the Model 350. 

@ Widest wavelength range in one instrument. The Model 
350’s optimized wavelength capability ranges from 175mpz 
in the far ultraviolet to 2.7 in the near-infrared. 

@ Maximum photometric efficiency throughout range. High 
absorbances can be measured with accuracy throughout the 
range of the Model 350. Specially-coated, Perkin-Elmer 
reflecting optics, combined with high-efficient sources, assure 
maximum transmission of maximum energy. The double- 
monochromator dispersion system reduces interfering stray 
light to a negligible level. 

@ Unexcelled resolution. The standard Model 350 provides 
uniformly high resolution throughout its range; in the far 


The term Perkin-Elmer is a registered trademark of the Perkin-Elmer Corporation. 


ultraviolet—a region of increasing significance—the Model 
350’s superior energy and dispersion characteristics mean 
the best resolution possible in the field today. 


e Ordinate scale expansion. Adding range and versatility to 
the Model 350’s excellent absorbance accuracy is the new, 
integral Ordinate Scale Expansion feature. Any 2, 5, 10 or 
20% portion of the transmittance scale—even when the 
reading is near the zero or 100% line—can be electronically 
expanded by discrete factors of 50X, 20X, 10X. or 5X, facili- 
tating the determination of weak bands. 

And more: 

e Zero Absorbance Line Compensation 

e@ Fast Pen Response 

e@ Wide Dynamic Scan Speed Range 

© High Sensitivity 

@ Integrated Controls 

® Large Sample Compartments 

®@ Wide Range of Accessories 


Write for more information and spectra on the Model 350. 


tNSTRUMENT DIiviSsSItion 


Perkin-Elmer Gyo. 


NORWALK, CONNECTICUT 
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which chromatograph suits your needs? 


Now F & M offers all these gas 
chromatographs and accessories. 
Choose the ones that meet your re- 
quirements: @Q Model 609 Gas Chro- 
matograph with flame ionization de- 
tector. Ultra-sensitive (parts per bil- 
lion) instrument. Gives no signal for 
water nor permanent gases. Operates 
isothermally or with programmed 
temperature to 300°C @ Model 500 
High Temperature Gas Chromato- 
graph. Operates isothermally or with 
programmed temperature to 500°C. 
Ideal for analyses of wide-boiling 
mixtures. © Model 300 Gas Chro- 
matograph. Offers same features as 
Model 500, but operates to 300°C. 
 D} Model SI-4 Solid Sample Injector 
for introducing solid samples into gas 
416 


chromatographs. @ Model GV - 10 
Gas Sampling Valve for introducing 
gaseous samples into gas chromato- 
graphs.  F ] Syringes for introduction 
of liquid samples into gas chromato- 
graphs. © Model 1609 Flame Ioniza- 
tion Detector Attachment for Models 
500 and 300 gas chromatographs. 
© Mode! 609FD Fraction Delivery 
System for Model 609 gas chromato- 
graph. Sends part of gaseous sample 
to detector, the rest to a collection 
vessel. @ Chart paper for use with 
recorders. @ Model 50 Automatic 
Attenuator. Holds peaks “on scale” 
during a run. @ Model T-300 DC 
Power Supply with 300 ma. output. 

Model 40 Linear Temperature 
Programmer. Increases temperature 


of heating equipment linearly, ot 
holds it constant. QJ Column pack 
ings. A wide range of materials for 
various types of separations. 


w= See F & M instruments 
on display at the Na- 
tional Chemical Exposition, Chi- 
cago, September 5-8 (Booth 403) 


and the ISA Exhibit, Los Angeles, 
September 11-15 (Booth 115). 


* Call or write today for further 
information about F & M gas 
chromatographs and accessories. 


F & M SCIENTIFIC CORPORATION 


Starr Road and Route 41 + P. 0. Box 245 
Avondale, Pennsylvania + COlony 8-228! 








SCIENCE, VOL. 13 



































































nearly, ot 
imn_pack- 
terials for 
ns. 


struments 
t the Na- 
tion, Chi- 
oth 403) 
s Angeles, 
15). 


yr further 
& M gas 
cessories. 


0. Box 245 
ony 8-228) 





-E, VOL. 134 





PRECISION 
CONTROLLED 


a 


FREEZE DRYING EQUIPMENT 


The increasingly vital role of freeze drying in 
the preservation and concentration of critical 
substances demands better engineered, more 
versatile apparatus. Now Amsco Del-Vac Freeze 
Dry Apparatus fulfills this need within labora- 
tories, pilot plants and production facilities. 

Significantly finer performance and versatility 
of Amsco Del-Vac Freeze Drying equipment 
permit the direct transfer of process data from 
laboratory or pilot models to large scale 
production models . . . without intermediate 
stages of pilot operation. 

Whatever your freeze dry needs. . . whether 
you require heated, refrigerated process shelves; 
hydraulic stoppering shelves; a powerful, 
built-in 5 to 10 micron vaccum pump; or fully 
automatic controls . . . Amsco Del-Vac has 
an appropriate model. 

Write for fully illustrated brochure IC-606. / 





STERILIZER 


ERIE PENNSYLVANIA 





‘Scientific and Industrial Department 


World’s largest designer and manufacturer 
of Sterilizers, Operating Tables, Lights | 
and related biological equipment 
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HOW’S YOUR HALF-LIFE? 





A budget-priced nuclear experiment and demonstration teaching aid is pictured above. This complete set is ideal for high school and 
college laboratories, lecture halls and classrooms. One of its radioactive sources (Radium D+E) has a half-life of about 22 years, but 
what about the half-life of the ratemeter in the hands of enthusiastic high school students and college freshmen? 

Lionel/Anton has designed a sturdy, “‘student-proof”, frill-free ratemeter and accessories that can stand the punishment of years 
of school service. The “Atomic Curriculum Aide”’ is so versatile it can be applied to almost any atomic physics, chemistry or biology 
experiment requiring nuclear radiation measurement. You'll find that the “half-life” of your experimental and teaching equipment 
will increase manyfold with the Lionel 457. 

The price for the complete set is only $194.50 f.0.b. our plant. Delivery can be made in 3 to 4 weeks. You may order, now, or send 
for our complete catalog. Write Dept. 457 (S) 


(L) LIONEL ELECTRONIC LABORATORIES 


418 
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atheson 


COMPRESSED GASES 


ANE GAS RECSATING EDUPRER 
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Matheson makes it easy 
to use compressed gases 
in the lab or pilot plant 


Prompt Shipment on 82 Compressed Gases from Acetylene to Xenon, you'll 
find them all in Matheson’s Compressed Gas Catalog, together with prices, 
data and recommended controls. We stock them all, and maintain inventories 
at 4 plants in U.S. and Canada for prompt service. 


5 Cylinder Sizes: Order compressed gas in the most convenient cylinder size 
and quantity. We’re ready to handle orders ranging from a 5 ounce Lecture 
Bottle to a carload of No. 1 cylinders. 


Custom Mixtures: Matheson specializes in custom gas mixtures — for propor- 
tional and Geiger counter units, instrument filling, special atmospheres, 
sterilizing, etc. We will prepare any gas mixture to your specifications, usually 
within plus or minum 1% absolute. Exact analysis available. 


Valves, Accessories: The Matheson Catalog lists a complete line of valves, 
pressure regulators, flowmeters and other accessories tailored to fit indi- 
vidual gas requirements. Matheson engineered equipment makes gas handling 
easier, safer and more precise. 


Gas Data Book: The Matheson Gas Data Book is the most comprehensive fact 
book and use manual on compressed gases ever published. Its 444 pages, 68 
tables and 68 charts contain essential information on every compressed gas 
available for laboratory use. Order direct, at $8.00 postpaid in U.S. and 
Canada. 


Mail Coupon for Catalog, Bulletins 


The Matheson Company, Inc., P.O. Box 85b, East Rutherford, N.]J. 
Please send the following: 

(0 Wall Chart: Safe Handling of Compressed Gases 

[) Matheson Gas Catalog 

C) Information on Matheson Gas Data Book, 3rd Edition 


Name 





Firm ae 








Address 











r 


The Matheson Company, Inc., East Rutherford, N.]., Joliet, Ill., Newark, Calif. 
Matheson of Canada, Ltd. Whitby, Ont. 
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Baird-Atomic introduces a new 


AUTOMATIC SAMPLE CHANGING SYSTEM 


This simplified system incorporates the 
SEN iets macrepebebleletci_e-bele Bbet_inutbecl-pelt-hatepeB ie) a 
FDU hcepect- Na lemel-incielslobeMa a becbbel-aelelebelnbelsa- betel 
data presentation. It accommodates up to 
roto m-t- Beek o}Cct-MBebuelelci-l-1-1-E- pels Buclelepuel-wu- ib ear-| 
including sample number, time, count 
bole MobeWucleletcl-imiclelebelbu- iim Mel-Rohd-puualeb bela 
[obec Me: bets Mereltbotmbabbeleislobel-Mr-bucMeel-puiebwseet=iel 
by the new B/A Model 135 Scaler-Timer. 

Heart of the new B/A System is the 
Model 755 sample changer that assures 
positive, jam-proof operation because of 
sha Mb beeh ol CcMerct-iccie Melebet-ipuctelstche We Gab t-Ir-) ol-le) 
be Tere DU Rms (tb t-sel-1e Mb Lod ul=4-5 24-5 ed wi oh ue) elesua loser. 8I 
fofelbbotabetsmolenaear-Ebel-> ole}l-Mel-)i-le)7e)mbeelele bela 


3 


md 





bbel=ahel->weebin-ianet-met-[-Re) (es behOSBE-DAtebew ob we)el-1-) 
bfob =z: beebect= Meret bend bel =m 

For complete details, call or write your 
nearest B/A representative today. 

Sales and service offices in: Cambridge, 
New York, Philadelphia, San Francisco, 
Cleveland, Washington, D.C., Atlanta, 
Dallas, Chicago, Los Angeles, Pittsburgh, 
Detroit, Ottawa, Canada. 

Engineers and scientists: Investigate the 
challenging opportunities with B/A. Write 
Industrial Relations Director. All qualified 
applicants will receive consideration for em- 
ployment without regard to race, creed, color 


folarettalevel-iaelel tien 


BAIR D-ATOMI/C,/NC. 
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ADVANCED OoOPTIics AND ELECTRONICS 


JS University Road: Cambridge 38, Mass. 


SERVING SCIENCE 
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e DUAL MOTOR DRIVEN TITRATING ASSEMBLIES 

e MULTIPLE DIRECT READING pH RANGES 

e MUTIPLE DIRECT READING MILLIVOLT RANGES 

e AUTOMATIC RATE CONTROL 

e LOW COST 

A basic, universal recording titrator for any and all 
potentiometrically indicated reactions, using any form 
of electrode, either glass or metal, accommodating high 
or low resistance systems, aqueous or non-aqueous media, 


and all practical orders of constituent quantities whether 
in trace, micro or macro concentrations. 


scant 


S 


Stemnieg 


RECORDING TITRATOR 


For Potentiometrically Indicated Reactions 


~ enced 


a 








This titrator is at once a fast balancing, high precision, 
multi-range recording pH meter and millivolt meter and 
an efficient all-purpose titrating station with two inde- 
pendent working positions, each having full motorized 
titrant delivery systems with high speed filling and flush- 
ing, automatic safety switches and interchangeable small 
and large volume burette components. Consolidating 
these facilities to create an unprecedented work capa- 
city are the synchronized burette and chart drive with 
direct volume reading on the chart axis and the new 
Sargent wide ratio automatic rate contro!. 
For Complete Information Write For Bulletin D 


Designed and Manufactured by E. H. SARGENT & CO. 


SAI G E N ; SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 





E.H. SARGENT & CO,., 4647 W. FOSTER, CHICAGO 30, ILLINOIS 
DETROIT 4, MICH.« DALLAS 35, TEXAS » BIRMINGHAM 4, ALA.+ SPRINGFIELO,N.J. 
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introducing exclusive 









THIN LAYER CHROMATOGRAPHY 


THE ONLY CONTROLLED METHOD 
FOR APPLYING REPRODUCIBLE 
LAYERS OF VARIABLE THICKNESS 


In addition to the previously offered standard applicator 
for TLC, already used b;: hundreds of laboratories in the 
U. S. and Canada, Desaga has now developed a variable 
thickness instrument — MODEL “S.” By means of a 
micrometer screw setting any layer thickness to 2000 ,, 
may be applied — the only applicator available which per- 
mits the selection and reproduction of a specific layer 
thickness. This feature not only increases the versatility 
of the equipment but permits its use with ordinary (high 
quality) window glass. 

Only the new Desaga equipment (after Stahl) offers a 
ce~plete line of apparatus and adsorbents for TLC. Be- 

« the previously available Silica Gel G, Aluminum Oxide 
G and Kieselguhr G from Merck (Darmstadt, Germany) we 
are now introducing two new Cellulose Powders from 
Macherey, Nagel & Co.—with and without binding agents. 


The major advantages of TLC are: 
1) The speed of separation — 20 to 40 minutes. 


2) The wide quantitative range — from less than 
one microgram to 10 mg on a single glass plate. 


3) The possibility of using highly aggressive 
(corrosive) sprays. 


4) The simplicity of the technique and the limited 
financial investment necessary for its introduction. 


Equipment for TLC may be ordered as complete as- 
semblies or as individual components. In experience, 
Desaga TLC puts you ten years ahead. For further in- 
formation request our NEW TLC BULLETIN. 


BRINKMANN 


BRINKMANN INSTRUMENTS, INC., 115 CUTTER MILL ROAD, GREAT NECK, N.Y. 


PHILADELPHIA - CLEVELAND - HOUSTON - MIAMI - MENLO PARK, CAL. - ST. LOUIS 











MODEL “‘S” 
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KEEP UP TO DATE 


ON NEW INSTRUMENTS 
AND EQUIPMENT 


By using the attached postcard you can always be sure of having 
the latest available information on instruments and equipment for 
the laboratory. Just tear out the attached card and circle those 
items that interest you. Fill in your name and drop it in the mail. 
No stamp is necessary. In a few days you will receive the requested 
information. 


HOW TO USE CARD 


For advertisements. Circle the number of the page on which ad ap- 
pears. U, upper ad; M, middle ad; L, lower ad; I, inside ad; O, 
outside ad. If more than one item appears in an ad, indicate at 
the bottom of the card which item is of interest; otherwise the 
request cannot be processed. 


For New Products. Circle the department number given at the end 
of each paragraph in the New Products section (pages 227—235). 


Additional card on page 497 
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Not good after 18 October 
Have you included your address ? 
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No postage stamps necessary if mailed in the United States 


— Postage will be paid by — 


SCIENCE MAGAZINE 


Room 1740 


New York 36, New York 


11 West 42 Street 
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LaPine Catalog ‘'C” is designed to give 
scientists and purchasing personnel all the 
information needed to make correct deci- 
sions and purchases. 

Catalog ‘‘C”’ is clearly written, fully illus- 
trated. Prices are current with the printing 
date. 

An alphabetical listing and ascending num- 
bering system is used for maximum speed 
and ease. The comprehensive, extensively 
cross-referenced subject index pinpoints the 
location of every item. 





NEW 


| LAPINE 


CATALOG 
OF 
SCIENTIFIC 
EQUIPMENT 


R 
vem 
CONCISE 


REN > 


SERVICE 

LaPine Scientific Company stocks most items 
listed for immediate shipment from the centrally 
located Chicago warehouse. If the order orig- 
inates in the east, shipment is from the New 
York warehouse. 


CATALOG “C"’ DISTRIBUTION 
Catalog ‘‘C” is now being mailed to laboratories 
and purchasing personnel all across the nation 
and throughout the world. Please let us know 
the catalog requirements of your laboratory or 
department. 


we LaPINE SCIENTIFIC COMPANY 
LAPINE 6001 SOUTH KNOX ALERUS. SCE Se Zs. ILLINOIS, U.S.A. 


LABORATORY SUPPLIES * EQUIPMENT * REAGENT AND INDUSTRIAL CHEMICALS 
1M THE EAST: LaPINE SCIENTIFIC COMPANY (NEW YORK) SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK 
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PRECISION NMR INSTRUMENTATION TO 
MEASURE AND CONTROL MAGNETIC FIELDS 


























Gaussmeter Model G-501 


The Harvey-Wells Model G-501 NMR 
Gaussmeter is designed to measure 
homogeneous magnetic fields up to 
30,000 gauss to an accuracy of one 
part in 100,000. 


A broad range of measurement is 
achieved by the interchange of four 
18 inch probes and one shunt (5 
foot probes are also available), sup- 
plied as standard equipment with 
the unit. 

The combination of simplified cir- 
cuitry and ease of operation makes 
the G-501 Gaussmeter a most de- 
pendable and precise laboratory in- 
strument. Both the G-501, and the 
FC-501 Field Control System (left) 
are adaptable to remote operation 
by use of extension cables combined 
with Harvey-Wells Standard Remote 
Drive Accessory. 





Field Control System 
Model FC-501 


The Harvey-Wells Model FC-501 NMR Field Control System 

is recommended for applications where the user not only HARVEY-WELLS CORPORATION 
requires precision measurement of homogeneous magnetic i } ie latest: sla hill te tacit: i 
fields but high stabilization of those fields. Magnetics Division, SNES St, FTSRUAGNEM, MESS. 
The unit has the same capabilities and accuracy parameters Dept. A-2 

as the G-501 Gaussmeter. 

All operating controls are conveniently located. The reso- — eae ta Guact eee ti 
nance presentation and the meterized error signal are clearly Ch} | emaies etarested tn ctactiemeguets aoe Sas 
visible on the rack-mounting front panel. 

Field control is achieved by means of an error signal, derived 
from the NMR pattern, which is fed to the power supply 
enabling it to automatically adjust its output current to the POSITION 
magnet, producing the desired constant magnetic field. 

Send for complete specifications. 





Please send complete information on the G-501 and FC-501 NMR Systems 


NAME 








COMPANY 





ADDRESS 





New literature on Harvey-Wells’ precision electromagnets 
and power supplies is now available and may be obtained 


CITY 
by using the attached coupon. 
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NEW SCREW CAP VOLUMETRIC FLASK 


SEALS TIGHT! WON'T FREEZE! COSTS LESS! 


The Bakelite* screw cap on this new 
volumetric flask holds tight, can’t 
pop off. Its conical polyethylene liner 
hugs the flask neck, seals it tight, 
won’t leak a drop. Alkalies can’t 
freeze it. 

If you upset the flask, the cap 
takes much of the shock. In storage, 
the cap keeps dust and dirt off the 
flask lip. 

No. 5650 flask with cap closure 
costs from 40 cents to $1.00 less 


than similar types with glass stoppers. 

The 25 and 50 ml sizes fill quicker 
and easier because of their funnel 
necks which also serve as mixing 
chambers. Six other sizes too: 100 
thru 2000 ml. All are Class A ac- 
curacy. All are made of PyrEex® 
brand glass to shrug off chemical 
attack, mechanical shock. 

There are 16 other Pyrex brand 
volumetric flasks for your work .. . 
flasks with or without stoppers, in 


different styles and capacities. 

You will find the world’s biggest, 
widest, broadest line of labware in 
our LG-2 catalog. Remember, too, 
the quantity discounts—up to 23.5%. 


*Union Carbide Trademark 


CORNING GLASS WORKS 
7508 Crystal Street, Corning, New York 
CORNING MEANS RESEARCH IN GLASS . 


PYREX: laboratory ware... the tested tool of modern research 
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The best $250 you'll ever invest 


A New...Fully Guaranteed... Professional 
Quality... GAS CHROMATOGRAPH. 


A speedy, reliable solution to routine gas and volatile liquid analysis problems 
. . - Quickly pays for itself in savings in time and material... Inexpensively 
makes gas chromatography available to everyone. 


Ideal for quality control of any raw material or finished product with boiling 


point to 105°C. (and many up to 120°C.) ... Safeguards the quality of the 
product you sell... the products you buy. 


A few applications for The Chronofrac*: 


Combustion products “Chronofrac” VP-1 liquid separation of 4 major or- 


Flue gases ganic groups using catalytic combustion detection. 
Chemical reaction converters, stream and towers a @j P ae 
dik th Chronofrac” VP-1 separation of 10 gases utilizing 


thermal conductivity detection. 
Ammonia oxidation process — nitric acid 

Acetone, and by-products such as methyl ethyl ketone 
Depropanizers 

Low molecular weight intermediates 

Alcohols thru C4 

Natural and liquid petroleum gases 


Simply installed and operated ... sets up in 30 minutes or less... easily 
operated by non-technical personnel with less than an hours instruction. 


Closely examine the illustrated chromatograms of actual test separations... 
see how effectively the CHRONOFRAC performs routine analysis . . . how 
easily this $250 instrument can take over your present work load... and 
free your expensive equipment for more complex analyses. 


® 


BUILT-IN FEATURES: 


BASELINE STABILITY 
Low drift assures true 
peak areas 
DUAL DETECTION 
Catalytic combustion and 
thermal conductivity 
WIDE ATTENTUATION 
1—125 four position 
selectivity 
















HIGH SENSITIVITY 
5 PPM Hydrogen in any 
gas 

The CHRONOFRAC is 

in stock now, at selected 

laboratory supply dealers. 

> Write for 4-page illustrated 

bulletin and nearest 

stock location. 








Since 1920 





















LOCAL OFFICES IN: 
he R EC | Ss | O N CHICAGO + CLEVELAND. 
SCIENTIFIC CO. Sn ee 
*Chrono (logical) Frac (tionation) 


PHILADELPHIA + SAN FRANCISCO 
. 


3735 WEST CORTLAND STREET e CHICAGO 47, ILLINOIS 
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COLEMAN 


New filters isolate Mg, Li 
for rapid flame analysis 


Magnesium from 5 to 4,000 ppm; lithium 
from 0.0097 to 970 ppm—measurements in 
these concentrations are quick and easy with 
two new spectral filters now available for use 
with the Coleman Flame Photometer. 


Another accessory, the Autoflow Sample 
Handling System, actually triples ana- 
lytical speed—by providing direct feed of 
sample to atomizer burner and automatic and 
instantaneous removal of unused sample. 


With its analytical scope now encompassing five 
important metallic elements (Na, Ca, K, Mg, Li) 

. with its unequalled speed and convenience 
of analysis ...the Coleman Flame Photometer 
is a time and money saver for any laboratory 
charged with a heavy analytical work load. Sim- 
ple and dependable, it requires no water con- 





nections, no special fuel gas, and no specially- 
trained operators. 


The advantages of flame analysis over wet chem- 
istry methods have long been established—im- 
proved precision in analysis of these elements in 
higher concentrations; accurate trace analysis 
in extremely low concentrations; major savings 
in time, effort, chemicals and laboratory space. 


Find out about the special advantages of 
Coleman flame analysis. 


Ask for these publications: 


SB-242A—Coleman Flame Photometer; 
SB-265—Autoflow Sample Handling System; 
ST-169—Flame Photometric Determination of 
Magnesium; 
ST-174—Flame Photometric 
Determination of Lithium. 


Onder amd dimplificillion ane the first sleos Totland: mailery off any science 


COLEMAN INSTRUMENTS, 


428 





INC., MAYWOOD, ILLINOIS 


SCIENCE, VOL. 134 











8 AL 











HITACH I Electron Microscopes 


featuring 
a the new HU-11 


Hitachi, Ltd. of Japan, in advance of world- 
wide competition, announces the successful pro- 
duction of the HU-11, the latest in electron 
microscopes. 

The new HU-11 is an enlarged, high effici- 
ency electron microscope, guaranteed 8-10 
Angstrom Unit resolution, capable of probing 
the very basic structure of matter. This is pos- 
sible in the HU-11 because it is equipped with 
a chromatic aberration compensating lens sys- 
tem, a development uniquely Hitachi. 

Other improvements include an enlarged spe- 
cimen chamber facilitating handling of acces- 
sories, an exhaust system trap reducing contami- 
nation to a minimum (therefore eliminating the 
need to disassemble the column), increased ex- 
posure area of photography permitting record- 
ing of high resolution diffraction rays. 


alike. 








...and presenting the HS-6 


Hitachi’s outstanding HS-6, the permanent 
magnet electron microscope, is equipped with 
four lenses (condenser, objective, intermediary, 
projection) with a resolving power reaching 25 
A.U. upwards and ensures an electron optical 
magnification continuously changeable from 
2,000x to 20,000x. 

The HS-6 is proving itself doubly invaluable 
photographically as an_ electron diffraction 
camera using an additional specimen stage and 
as the so-called ‘selected area’ diffraction 
camera. (Camera chamber is loaded with 18 
cassettes permitting 36 successive exposures.) 

Simplicity of operation, mechanics and cir- 
cuitry make the HS-6 the ideal instrument 
for researchers in the most sensitive medical 
and biological, fields. 


* * : 
_itackhs. Lb. For more detailed information get in touch wita 
ERB & GRAY SCIENTIFIC, INC. 


Bde a q 854 S. Figueroa St., 5927 Riverdale Ave., 
Cable Address: ‘'HITACHY'’ TOKYO Los Angeles 17, Calif. New York 71, N.Y. 
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The new 906C timing 
a, system is here 





What's different about the 
NEW 906C VISICORDER OSCILLOGRAPH? 


At first glance you may see no difference at all. Just the 
same functional lines and compact size that you have come 
to recognize in the Visicorder. 
They have not changed since 1956, when the Visicorder 
principle of oscillography made immediate readout of high 
frequency data possible for the first time. 
Until now, all the improvements that have maintained the 
Visicorder’s record of leadership have been internal: 
—increased capacity to 14 channels 
—higher frequency response (0-5000 cps) 
—simultaneously recorded grid lines 
—self-starting lamp for remote operation 
But the 906C has a new feature you can see, (look carefully 
at the back of the case) and one that represents still another 
breakthrough; a built-in flash tube timing system which not 
only generates its own time base, but which can also be 
triggered externally. You can, in other words, use the 906C’s 


HONEYWELL INTERNATIONAL 


Sales and Service offices in all principal cities of the world. Manufactur- 
ing in United States, United Kingdom, Canada, Netherlands, Germany, 
France, Japan, - 


430 


timing system to record time lines simultaneously with data. 
Or you can trigger the timing circuit externally—either by 
supplying a pulsing voltage of only +10v into 20K ohms 
impedance, or simply by causing impedance to drop to 100 
ohms or less through shorting-out or other means. 


Thus your “time” signal may actually be an event marker 
related to shaft rotation, belt movement, or any other effect 
which might be more conveniently fed to the timing circuit 
than to a galvanometer. 


(Owners of Visicorders 906, 906A, and 906B will be glad 
to know that only a field-change is necessary to eccnomically 
and easily add this timing system to their instruments), 


Write today for full information on the brand-new 906C 
Visicorder. Ask for Catalog HC-906C. Or call us at SKyline 
6-3681, Direct Distance Dialing Code 303. 


Minneapolis-Honeywell, Heiland Division 
5200 East Evans Avenue, Denver 22, Colorado 


Honeywell 
Fouts uw Coitiol 


SINCE 71885 
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PERFORMANCE... 
PLUS ECONOMY ! 


i 


a 


SAM, PENNA 


THE JKM CONSTANT RATE SYRINGE DRIVE 


Originally developed for injecting samples into the Stubbings 
Electrophoresis Apparatus*, the syringe drive is now offered 
as a separate unit because of its wide area of application— 
wherever a long term, constant rate sample delivery is 
required. 


- The unit is characterized by extreme flexibility of operation. 


Drive rates may be changed by substituting different sets 
of gears. Liquid feed rates can be varied by changing the 
drive rate or syringe size. A length of flexible teflon tubing 
is supplied to connect the syringe to the reaction vessel. 
ee sm $200.00 


* Patent Pending 


Check these feailcree 


Delivers large quantities in 





short period of time 
[_] Wich versity aaa kee mean On8 
ee L_] tees seer 
[] Accepts any standard syringe & Saves both time and effort 
& Automatic shutoff ; C Provision for remote control 
[ | No cleaning problem [ | One year warranty 





JKM INSTRUMENT COMPANY wncorrorareo 


OLD PHILADELPHIA PIKE DURHAM, PENNSYLVANIA 
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NEWS 
OF 

INNER 

SPACE... 





We propose to increase the knowledge of men... but 
only in terms of an observable area. More clearly per- 
haps is the fact that we propose to open many new 
vistas simply by confining man’s observation to areas 
ranging from 0.1 to 100 microns — even smaller than 
a needle’s point — and to also provide in that observa- 
tion, both qualitative and quantitative chemical analyses 
of the elemental composition of these areas. 

All of this then, is the function of the new Norelco 
Electron Probe Microanalyzer...a new instrument 


PHILIPS 
ELECTRONIC 
INSTRUMENTS 


Noreleo 
“ar 


write today on your letterhead to: 




















providing the means by which infinitely small areas 
can be explored. Areas where there is obvious need for 
a better understanding as to why failings occur in the 
micro-composition of alloyed materials. Detailed dis- 
coveries in the “whys” and “hows” of grain boundaries, 
alloy diffusion, micro-etch corrosion, thin films, micro- 
geology, meteoritic composition, micro-inclusions and, 
in fact, the entire “inner space” of a new world is now 
on the threshold of real exploration. Here is a new 
dimension in the chemical analysis of minute areas. 


For more information and specifications on this remarkable Norelco instrument, 


PHILIPS ELECTRONIC INSTRUMENTS 
A Division of Philips Electronics and Pharmaceutical Industries Corp. 
750 South Fulton Avenue, Mount Vernon, N. Y. 


In Canada: Research & Control Instruments * Philips Electronics Industries Ltd. ¢ 116 Vanderhoof Avenue * Leaside, Toronto 17, Ont. 
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WARING 

COMMERCIAL BLENDORS 

ARE SERVING FIRMS AND 
LABS IN THESE FIELDS 


INKS—Detergents to reduce pen clogging 


CEMENT—Waterproof cement testing and 
mildew repellent concrete 
CERAMICS—Kaolin and clay slurries 
COATINGS—Films, TV tubes, recording 
tape, adhesive compounds, duplicating 
machine emulsions 
COSMETICS—Shampoos, nail polish, deo- 
dorants, powder, hand cream, hair dyes, 
aerosol hair spray and shaving lather 


ELECTRONICS—Cathode ray tube coatings 


FERTILIZERS—Both liquid and dry, seed re- 
search, plants, cross-pollination, crab grass 
killer development 


FOOD PROCESSING—Relishes, herb and con- 
diment blending, dressings, dog foods 
GENERAL LABORATORY USE—Experimental 
dispersions, emulsions, polymers, slurry 
and solutions 


HOMOGENIZING TEMPLATE EMULSIONS—Sheet 
aluminum, stainless steel 


INSECTICIDES—Repellents and killers 


INSULATION—Rock wool-fiber glass, asbes- 
tos, ground glass beads 


Hi 7% ad iD) LY A ’ PAINT—Color sampling, water-base, rub- 


ber-base, waterproof, enamels 


PAPER—Waste paper evaluation, pulping 
wood fiber, coatings 


Ss c j = N T j te I es PETROLEUM—High octane fuel, additives, 


grease, detergent motor oils 


PLASTICS—Experimental mixes, color test- 
ing, powder and resin blending 


PRINTING INK—Color blending, waterproof 
inks, engraving fluids 

RUBBER—Latex, sponge, synthetic 
TEXTILES—Strength tests for synthetics, 
Nylon, Orlon, Dacron, wool and cotton 
TOBACCO—Chemical analyses, homogen- 
ized, experimental blends, mixtures 
VINYL—Upholstery bases color sampling 


Wariet 


WARING PRODUCTS 
Good mixer, yes ... but hardly the tool for the CORPORATION 


laat- Gah’ oll-laleiiale pmaalb diate m-lalemelalaleiialeM@a-lelelia-leal-leh WINSTED*+ CONNECTICUT 
’ A «ee A Subsidiary of 
fo} Mm cole l- NY a -mm-fotl-Jahdiilomm-lelo)e-O ce) a’ sum MoM sal-\-) ah dal-1-y— . Uieiaenten Cumpenitien 48 Senate 
gto LU lig -Jaal-lane- mn Ae- alale meel-1-Jle lala lale| 
- ‘ ; GENTLEMEN: 
manufactures a special ized line Send me complete information on your Blendors for labora- 
ros ie =ilclalolel e-em late. PXeotet-1-t-10] a 1-1-4 tory and industrial use. My field of interest is . 
us send you complete details. Just 
101) Meta mr- Cale Ml aat-Ui Mn dal-mmotel se] ole) ar 


City/ZONE 
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American made by American craftsmen to help the American economy 
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STEREO MICROSCOPE 


Years in development. Precision Amer- 
ican made. Used for checking, in- 
specting, small assembly work. Up 
to 3” working distance. Clear, sharp, 
erect image. Wide, 3 dimensiona) 
field. 2 s of objectives on rotating 
turret. 23X and 40X. 10 Days Free 
Trial. 
Stock No. 85,056-W 
f.o.b. Barrington, 








N.J. 


Power Supplementary Lens 


Low 
Stereo—provides 15X down to 6X with clear, extra large 
1%” field at 6X. 


Attachment for above 


Stock No. 30,276-W <= $7.50 








Photographers! This is an actual photograph 
of the moon taken through our Astr 


ASSEMBLED 
AND 
READY TO USE! 


“AMAZING SCIENCE BUYS & 


*.for Ratt” STUDY or PROFIT 


See the Stars, Moon, Planets Close Up! 
3° ASTRONCMICAL REFLECTING TELESCOPE 
60 to 180 Power. An unusual Buy! Famous Mt. Palomar Type 


Gala 





Stock No. 85,050-W 





You'll see the Rings of Saturn, the fascinating planet Mars, huge 
craters on_the Moon, 
jes! 


Star Clusters, 
Equatorial mount with lock on both axes. 


Moons of Jupiter in detail. 
Aluminized and 


over-coated 3” diameter high-speed f/10 mirror. Telescope comes 
equipped with a 60X eyepiece and a mounted Barlow Lens, giving 
you 60 to 180 power. An ptical Finder Telescope, always so 
essential, is also included. Sturdy, hardwood, portable tripod— 
FREE with Party) STAR ART _ plus page 
“HANDBO OF HEAVENS” plus “HOW TO USE YOUR 
TELESCOPES BOOK 


$29.95 Postpaid 








Telescope by a 17-year student. 


44” 


Menectinty pee—eo to 255 Power, all-metal pedestal mount. 
Stock No. 85, “Ww $79.50 


F.0.B. Barrington, N.J. 





THERMOMETER TIE BAR AND CUFF LINKS 
REGISTER AS HOT CONVERSATION PIECE 























uggedly precise new style item 
in matched set of cuff links and tie 
har—featuring non-breakable, ac 
curately calibrated thermometers. 
Sensitive to a tolerance of 1 degree 
(although some wearers have noted 
violent fluctuations when worn in 
close proximity to certain blondes 
and redheads of the warmer sex’’). 
Easy to Indicia range from 20 (degree to (plus) 
120 (degrees) Fahrenheit on circular dial, Silver plated, 
gift boxed—-Tie Bar and Cuff Links also available 
eparaicly 
Stock No. 1700-W Tie Clasp —____--_- $3.25 Ppd. tax incl. 
Stock No. 1701-W Cuff Links .-..$6.55 Ppd. tax incl. 
Stock No. 1702-W Set of Clasp & Links, 
$8.75 Ppd. tax incl. 
q Kop2 ae 
ee ge NEW! THERMO-PILE KIT! 
“we CLs Converts Heat Into Electricity 
i > 
\ ‘ /~ Yor demonstrations, experimentation 
” in the exciting field of thermoelec- 
ricity. Convert the heat of a blow torch, a gas jet, or 
even of the sun into electricity. You receive 
20-—14 € 6” long chromel-alumel thermocouples ; 
washer, and nut for making Sia other materials 
for making a thermo apt a small 1 3 V DC motor to 
run from thermo-pile sives you visua " demons tration of 
electricity created) Kit includes full directions for set- 
ing up and experimenting with thermo-piles. 


Stock No. 70,436-W -$15.00 Postpaid 











WOODEN SOLID PUZZLES 





Here is a fascinating assortment of wood 
puzzles that will provide hours of pleasure. 
Twelve different puzzles, animals and 
eometric forms to take apart and reas 
embie, give a chance for all the family, 
young or old, to test skill, patience, and, 
best of all to j ate ability to think 
and reason while having lots of fun. 

Stock No. 70,205-W .-$3.00 Postpaid 











OF SCIENCE...REALLY BEAUTIFUL! 
CIRCULAR DIFFRACTION- 
GRATING JEWELRY 
1” diameter 
Shimmering rainbows of gemlike color 









in jewelry of exquisite beauty—made 
with CIRCULAR DIFFRACTION- 
GRATING REPLICA. Just as a 
prism breaks up light into its full 
range of individual colors, so does 
the diffraction grating. Promises to 
become a rage in current fashion. 
Steck No. 30,349-W Earrings .......-..... $2.75 Pstpd. 
Stock No ~ 350-W Cuff Links -$2.75 Pstpd. 
Steck No. 30,372-W Pendant $2.75 Pstpd. 
Stock No. 30:390.W Tie-Clasp $2.75 Pstpd. 


50 POWER MEASURING POCKET MICROSCOPE 


Fountain pen size, 
rect reading 


makes di 
measurements ; 
for checking small parts and 
dimensions under powerful 
magnification. Precision, glass 
etched reticle calibrated for 
measurements up to by .001” divisions. 


Steck Ne. 80,225-W ........252-25. nan $7.95 Postpaid 
ABOVE INSTRUMENT ON STAND—RACK & PINION 
FOCUSING 





1/10” 


Dieck Be. FO,406W  nnnenccdasctcssnace $19.75 Postpaid 


ORDER BY 









STOCK NUMBER 


434 


WHIRLING WONDERS 


Wonderful World of 
Whirling Wheels 








Here’s a new adventt 
impres n created by the 
cal of these 
rotating dises. In adc 
‘after images’’ this 


stroboscopic 


hypnotism. 

battery hold 
bulb, 
and experin 


Stock No. 







or movie. T 
crinkle anc 
directions fe 
Stock No. 7 


socket, 


inch 
rheost 
plug a 
ental use 


70,414-W 


Kit 
er, 


wi 


color 


ake 
i bright 


taking 
0,223-W 


or 


principles 


ire in optical 
magi 
fascinating, 
lition to weird shapes 





and fantastic 


kit demonstrates ‘‘stop motion’’ 
‘‘off center’’ focus and even 

ides 13 dises, approx. 5” in dia, 
at, small motor mounted on bracket, 
nd complete booklet of instructions 


NEW BINOCULAR-TO-CAMERA HOLDER 


I) Fit Any Camera 

For Exciting T 

tures. Bring 

7 times ne ater 

f camera, 
YE 





7x! 
B IN 
I HOL 
ig-range 

life, ships 
easily. Use any 
monocular—any 

or black and white. A 
chrome finish. 10” 
telephotos included 


---$1 


distant 


shots 
pe 
Camera and bin 


$9.95 Postpaid 


elephoto Pic- 
objects 
with a 35mm 
binocula nd 
ICULAR- TO- 
DER. Ideal 
of wild 
ople vistas. 
culars attach 
binocular or 
camera, still 
ttractive gray 

long. Full 





1.50 Postpaid 


NEW LOW PRICE FLASHLIGHT POINTER 


Point It Out With Arrow 


Ideal for fr 
features on 
tion 


light 


point it. 





vivid detai 
laboratory 
handbook ir 


Stock No. 





screens, 
For teacher use on maps, 
focuse 


Stock No. 60,117-W 





rojected 
yointing our interesting 
movie and slide projec 
Excellent lecture tool 
ete, Flash 
$ an arrow where you 


Precis 


Study tl 


pensively. 
fessional. 


Molded 
and tee 
for comy 
and org 


1. Amazingly 


standards. 
ncluded, 


70,447-W 








STURDY—LOW COST 
PRECISE LAB BALANCE 


Built for hard, daily use. Weighs 

materials from 100 milligrams 

to 100 grams, can be used for 
measuring. Has removable plastic pans 
Features base of rugged cast iron and 
piece beam for balancing. Overall ht. 
Comes complete with set of 12 weights 
ranging from 100mg to and pr. of tweezers in 
wooden box. Imported. 


Stock No. 70,443-W 


proportionate 

60mm in dia, 
adjustable one 
514” x 7” long. 


50g 


$15.00 Postpaid 
















“FISH” WITH A GIANT MAGNET 
Bring Up Under-Water Treasures 











Real fun! Profitable, too! Simply trail 

this powerful 5 Ib. Magnet out the stern 

of your boat—retrieve outboard motors, 

fishing tackle, anchors, other metal valu- 

ables. Alnico V-Type Magnet has ter- 

rific lifting power—2000 Gauss rating— 

lifts over 125 Ibs. on land——-more under water. Many in 
dustrial uses, too; recover tools and parts from inacces 
sible spots, hold work in place, rid shop floors of metal 
fragments, pins, ete. 

Stock No. 70,183-W 5-Ib. size -....----..--. $9.95 Pstpd. 
Stock No. 70,416-W 3'/2-lb. size --.--....-- $7.95 Pstpd. 


























Wer Surplus American-Made 7x50 Binoculars 


Big savings! Brand 

clear viewing—7 power. 
cal element is coated. 

night glass—the size recommended 
for satellite viewing. Individual eye 
focus. Exit pupil 7mm. Approx. field 
at 1,000 yds. is 376 ft. Carrying 
case included. American 7 x 50’s 
normally cost $195. Our war surplus : 
price saves you real money. nacrat Ss a] 


Steck Ne. 1588-W ........-.......22-' Only $55.00 postpd. 
(Tax included) 
to above and a terrific bar- 


$33.00 Pstpd. (Tax included) 


new! Crystal 
Every opti- 
An_ excellent 





6 x 30 Binoculars—similar 


gain, 
Stock No. 963-W 
















Easy—Exciti 


LIFE SIZE VISIBLE HUMAN HEAD 
Take-apart Model 


e, Full Color, 


1 most complex organ 
Ideal for student, 
You will be amazed 
from 
th easily 
ylete study, 


and 
brai 


removed 
Entire 


low 


16-page fully 








hobbyist, 


actual human skull. 


ng Method 


ee, to Teach Life Cycle 

eee se Visually demonstrates 7 most 
dramatic stages in development. Actually observe the 
changes as they take place from fertilized egg to hatched 
chic standing alone. Each stage easily sembled and 
fitted into opaque half shell with transparent cover. Spe- 
cial stand holds each stage in proper order. Molded in 
four colors. Sturdily constructed for extensive use. 
Ne, EO, TOON on cacininipnnovumalees $5.98 Postpaid 


inex- 
pro- 
at the detail. 
Eyes, ears, 
disassembled 
n, spinal cord 


easily, 


ans of mouth and throat presented in 
price—conforms 
illustrated 


to rigid 
medical 


$9.95 Postpaid 


SEND CHECK OR MONEY ORDER... 


EDMUND SCIENTIFIC CO. 


BARRINGTON, NEW 













NEW BATTERY POWERED WALL CLOCK 
_FOR OFFICE AND FACTORY 


There’s real savings with this bat- 


tery powered wall clock that elimi- 
nates the need for wall sockets, wir 
ing, nearness to outlets and 


does away with unsightly extensions 
and dangling cords. The clock is all 
chrome, has a 12%” diameter face 
and will run with faultless accuracy 





for up to three years on a single, 

es inexpensive battery. This is the 

perfect ‘‘put where—use everywhere’’ clock for office, 

factory, home, shop, store, farm, camp, cabin, hotel, club, 
boat or plane. Price includes battery. 

Stock No. 70,435-W --....-------------$25.00 Postpaid 







































MAIL COUPON for FREE CATALOG ‘W’ 


144 Pages! 
Over 1000 Bargains! 


EDMUND SCIENTIFIC CO., 
Barrington, N. J. 











Please rush Free Giant Catalog-W 





Address 





SATISFACTION GUARANTEED! 


JERSEY 
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=| PICKER NUCLEAR 


‘ goes all the way... offers first 


stpaid 


mount. 


=| FULLY TRANSISTORIZED 
5 | SCALERS AT SENSIBLE PRICES 


s one (or more) precisely 


KONO MMOL TEES ALOE: 





Rk BE 5 IOP IEE 


Among these new scalers, there’ 
tailored to your need. Common to all are... 
all these operating advantages 


Po a 


all this counting prowess 
storized ) 


all-electronic decades (because they’re fully transi 

aiae all-electronic timer (optional) 

— preset count and preset time 
esolving time 





greater operating stability 










SEE OP ae 


greater long term stability 
i 


1 microsecond F no need for warm-up delay 











Pstod. 
 Pstpd. 
os 1600, 3200, and/or 500 volt longer component life 
HV supp! 
culars : Pe. SOA greater compactness : 
sa 12 or 25 mv input sensitivity - easier circuit replacement = 
: i 3 
hetiey AC — height analy76r more uniform production quality . 
or discriminator (optional) 3 
automatic operation re 
count and time read-out (optional) § 
eas simplified controls % 
cluded) te 
» bar- . 
' " “ prompt delivery 
tude 
ad get details from your local 
” Picker representative, OF write 
nls Dat Picker X-Ray Corporation, 
elimi 
ele White Plains, New York a 
‘tensions Ay 
Kk is § 
oe ‘nn » 
accuracy = —_ 
single, ~~ ae 
is the 
r office, 
el, club, 
Postpaid 
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GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS Denver Meeting 
by first class mail — early in December 


The General Program of the 128th Meeting of the AAAS in Denver, 26-31 December 
1961, will be available to you, at cost, within the first week in December—whether you can attend 


the Meeting or not. 


Program Content 


1. The two-session AAAS General Sessions, “Moving 
Frontiers of Science,” Part I—Speakers: Howard A. 
Meyerhoff and Arthur R. von Hippel; Harrison Brown, 
presiding. Part II—Speakers: Halton C. Arp and E. W. 
Fager; Harrison Brown, presiding. 


2. The 29th John Wesley Powell Memorial Lecture. 
Speaker: Glenn T. Seaborg; Paul M. Gross, presiding. 


3. On “AAAS Day,” the four broad, interdisciplinary 
symposia—Physics of the Upper Atmosphere; Geochemi- 
cal Evolution—The First Five Billion Years; Existing 
Levels of Radioactivity in Man and His Environment; 
and Water and Climate—arranged by AAAS Sections 
jointly. 

4. The Special Sessions: AAAS Presidential Address and 
Reception; Joint Address of Sigma Xi and Phi Beta 
Kappa by Harrison Brown; the Tau Beta Pi Address; 
National Geographic Society Illustrated Lecture; and 
the second George Sarton Memorial Lecture. 

5. The programs of all 18 AAAS Sections 

symposia and contributed papers). 


(specialized 


6. The programs of the national meetings of the Amevi- 
can Astronomical Society, American Society of Crimi- 
nology, American Nature Study Society, American 
Society of Naturalists, American Society of Zoologists, 


Beta Beta Beta Biological Society, Biometric Society 
(WNAR), National Association of Biology Teachers, 
Scientific Research Society of America, Society for Gen- 
eral Systems Research, Society of Protozoologists, Society 
of Systematic Zoology, and the Society of the Sigma Xi. 


7. The multi-sessioned special programs of the American 
Association of Clinical Chemists, American Astronauti- 
cal Society, American Meteorological Society, American 
Physiological Society, American Psychiatric Association, 
Association of American Geographers, Ecological So- 
ciety of America, National Science Teachers Associa- 
tion, National Speleological Society—and still others, a 
total of some 70 to 80 participating organizations. 


io) 


. The sessions of the Academy Conference, the Confer- 
ence on Scientific Communication, and the Conference 
on Scientific Manpower. 


9. The sessions of the AAAS Cooperative Committee ou 
the ‘Teaching of Science and Mathematics, of the AAAS 
Committee on Science in the Promotion of Human 
Welfare. 


10. Titles of the latest foreign and domestic scientific films 
to be shown in the AAAS Science Theatre. 


11. Exhibitors in the 1961 Annual Exposition of Science 
and Industry and descriptions of their exhibits. 


Advance Registration 


Advance registration has these decided advantages: 


(1) You avoid delay at the Registration Center upon arrival: 


(2) You receive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish 


to attend; 


(3) Your name is posted in the Visible Directory 


as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program. 


la. ( Enclosed is $3.50 for my advance Registration Fee which brings me the General Program, Convention Badge, and 
all privileges of the Meeting (50¢ is for first-class postage and handling) . 


lb. ( Enclosed is $2.50 for only the General Program. (It is understood that, if I should attend the Meeting later, the 
Badge-necessary for the privileges of the Meeting—will be secured for $1.00 more.) 


(check la or Ib) 
2. FULL NAME (Dr., Miss, etc.) 


(Please print or typewrite) 
3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 
4. OFFICE OR HOME ADDRESS 
(For receipt of General Program) 
CITY 
5. FIELD OF INTEREST 
6. CONVENTION ADDRESS 


(Last) 


oo eee eee eee er ee eese eee ese eseeeeeeeseeeseeseeseseeeeseeseee 


eee eee ew wwe meme ee eee eeeeereereeeseeseseeseseseeseseeseese 


8 0 6 6 8 0 0 6 6/6 6 0 0 0 Obs OS ae 6.8 6S 6 aP6, O18 Ore) Oe 68 18 ee 


sis eer Tee wee Bee DOO e668 6 8 6 ke eS .e SY Oe 6 8 6 6S Eee) Oe 6 we Se 6 o 0'' 


(Mey be added later, after arrival) 


Please mail this coupon and your check or money order for the total amount to the 


AMERICAN ASSOCIATION FOR 


THE ADVANCEMENT OF SCIENCE 


1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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Available now in either 10-channel or 20-channel model 





“620” Esterline Angus Recorder with Tempen* 












Instead of ink, the new ‘620’? Event Re- 
corder with Tempen uses electrically-heated 
styluses of stainless steel. Torture testing re- 
veals they will endure 20 years of continu- 
ous operation and still respond in less than 
1/20 of a second! 

The ‘620’ also uses special chart paper 
with a non-wax finish, eliminating the dan- 
ger of marred records caused by external 
heat, rough handling or discoloration from 
strong light. 

Adaptable to hundreds of research, pro- 
duction and maintenance uses, the ‘‘620” 
can reveal the productive and non-produc- 


Kxcellence in graphic recording for over 50 yars—ESTERLINE 





tive time of any or all machines in a plant. 
Still other uses include circuit breaker 
action, psychological testing, qualitative 
analysis and conveyor operation. 
Economically priced, the new “620” with 
Tempen is another versatile product of 
Esterline Angus master craftsmen. 


For more detailed information, write 
for new ‘‘620”’ with Tempen descrip- 
tive folder. Address: ESTERLINE 
AncGus INSTRUMENT ComPANy, INC., 
Box 596L, Indianapolis 6, Indiana. 


\ _ ©\ Visit us at ISA Show, Space 504 
\ --“ Los Angeles + September 11-15 





*« new event recorder 
with inkless method 
of writing ... operate: 
more than 50 days 
without a change 

in charts : 
















Chemists and metallurgists have 


been quick to adopt experimental 


techniques first used for funda- 


mental nuclear physics research. 


Today, they are exploiting the 
characteristics of intense ion beams 


and neutron fluxes for applied re- 


Hi — : = = ee : es oa 
igh Voltage Engineering Corporation 


“CHARGED PARTICLES” 











Nuclear Radiations and Materials Evaluation 


0 micro- 


with currents up to 10 
pulsed 


amperes in continuous OF 

. ° . 
operation. A 90 mass analyzing 
and feedback system sta- 


magnet 
A large fraction 


bilizes the voltage. 
of the accelerated ion beam is 


emitted with 
1000 for monoenergetic 


a homogeneity within 


1 part per 





proprietary development 
n somebody else’s house, 
If the use of accelera- 
ged, we are content. 


may be 
programs i 
have no fear. 
tors is encoura 
You may draw the shades tightly 


on any techniques used, and, of 


the results are strictly your 
you 


course; 


own. business. If, however, 


gineering and analysis. 
results have 


search, en 
Already, important 
d using nuclear radi- 
analysis, wear 





been obtaine 


ations for trace 


studies, semiconductor modifica 


tion and similar applications where 
ive ions or neue 


interactions of posit 
predictable 


trons create desired, 
and measurable effects. 

Although a number of positive- 
ion accelerators have been in- 
stalled specifically for this kind of 
developmental work, we believe 
t the use of particle beams for 
materials evaluation is just getting 
d, and that many programs 
mant because of the cost 


tha 


starte 
are dor 
and skill-requirement of owning 
and accelerator 


facility. 


operating an 


ion Beams and Neutrons for Hire 


We think we have an answer to 
this problem for those who wish to 
explore activation analysis or re- 
avolving accelerated posi- 
neutrons. Here in 
we have a fully- 
expertly-staffed Posi- 


search it 
tive | ions or 
Burlington, 
equipped and 
tive Ion Service Facility, employing a 
9-Mev Van de Graaff accelerator 
and neutron source as the central 
research instrument. Both the facil- 
ity and the assistance of the staff are now 
available for independent research and 
analyses by outside organizations on a 
rental or contract basis. 

The Van de Graaff is our Model 


AN-2000. It offers 0.3 to 2.0 Mev 
hydrogen or deuterium ion beams 


neutron experiments. 
so 


Van de Graaff 
Acceleratot 








Targets 


JAIN 


Beam analyzing 

and stabilizing system 
The facility is fully instrumented, 
200-channel pulse 


including a 
scintillation 


height analyzer for 
spectrometry and decay-scheme 
studies, a remotely-oper 
and neutron 


ated sam- 


ple changer, mod- 


erator. 

You may want to use the facility 
analyses . + + 
or investigate the feasibility of a 
or solve a 


to carry out specific 


certain technique - - - 
knotty materials-evaluation 
possibilities 


prob- 


lem. Other research 
are: particle interactions ; 


duced reactions ; production of short- 


neutron-in- 


lived isotopes; instrument calibration; 
environmental research; radiation dam- 
age and shielding parameters; solid 
state surface studies; radiobiology. 
Users plan and evaluate all 
work. We provide an operator. If 
it bothers you to carry out what 


would like to take advantage of 
me knowledge we ha 


physicist is on hand to help. 


straightforward, 
analysis, ship us the samp 
WwW 
cost estimates for any 
templated on a projec 
ous use basis. 


tion, write 


ve, a staff 


If the requirement is perfectly 





such as routine 
le, and 
e’ll do the work. We will supply 
program con- 
t or continu- 
For more informa- 


for our Bulletin N-1. 


Neutron Neutron 
Reaction Ener Yield 
(Mev) (n/sec) 
D-D 1.5-6* 5 x 10° 
D-Be 0.6-57 4x 101° 
D-T 14-15" 5 x 108 
*monergic tpolyergic 


Neutron Yield From 2-Mev Van de Graaff 


Of course, if the rentee gets car- 
ried away with the possibilities of 
this work and wants to buy an ac- 
| right. Van de 
e from 0.4 to 4 


celerator, that’s al 
Graaffs are availabl 
Mev, producing up to 400 micro- 
s of current for monoener- 


ampere 
production. For 


getic neutron 
high neutron fluxes, the mi- 


really 
ar accelerator excels. 


crowave line 
We can recommend a package of 
suitable instrumentation and would 
be glad to give counsel on installa- 


tion and shielding. 


HIGH VOLTAGE ENGINEERING 
co RPORATION 


® 
APPLIED RADIATION CORPORATION 


HIGH VOLTAGE ENGINEERING (EUROPA) NV. 
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SCIENCE 


New Categories for Old 


Man, according to one famous sophistry, is a featherless biped with 
nails. Like a bird, man walks on two legs, but unlike a bird, he has no 
feathers. The possession of nails is mentioned in the definition to avoid 
confusion between men and plucked chickens. Much the same logic 
has characterized the study of some newer kinds of creatures. Recent 
history has seen Pentagon sophists produce similar definitions in their 
efforts to have missiles and other new weapons encompassed in an 
Army-Navy-Air Force scheme of things. But just as there are more 
effective ways to advance biology than by grouping together man and 
fowl, so there may be better ways to understand our military problems 
than by thinking in terms of land, sea, and air categories. 

Just such an effort to provide a new set of categories is now under 
way in the Defense Department. Secretary McNamara and his comp- 
troller Charles Hitch, an economist formerly with the Rand Corpora- 
tion, have introduced the concept of what they call “program pack- 
ages.” There are seven packages, and the packages group together dif- 
ferent military weapons and tasks in terms of similar purposes. Thus, 
one group is the Central War Offensive Forces program package. It 
includes both land-based and sea-based missile forces as well as cer- 
tain aircraft forces, all of which taken together constitute our atomic 
retaliatory unit. Another group is the General Purposes Forces, which 
includes expeditionary units for fighting limited wars. 

Research and development, which is understood to include all test- 
ing and evaluation of prototypes prior to operational use of a new 
weapon, enters the scheme in two ways. Work associated with a par- 
ticular element, like the Polaris missile, is classified with that element 
in the appropriate package. Research efforts not so readily classified, 
like present military space projects, are grouped in a special program 
package devoted to “other” research and development. 

The package-program approach cuts across not only present service 
classifications but also present accounting titles—personnel, main- 
tenance, procurement, and so on. Thus, to help evaluate a possible new 
weapon, the new approach would provide an estimate of research and 
development costs, including the price of laboratory and test facili- 
ties; an estimate of the outlays for the initial equipment and training 
necessary to bring the new weapon into operational use; and an esti- 
mate of the recurring costs necessary to maintain the weapon once it 
is in use. 

Improvements in planning, as might be suspected, did not start 
from scratch with the Kennedy administration. The idea of package 
programs builds on procedures that have been developing in the De- 
fense Department during. the past few years, particularly in the re- 
search and development section. Concerning earlier programing, 
Harold Brown, the scientific director of this section, told a congres- 
sional committee that timetables for development had proved right 
most of the time, but that efforts at estimating costs had been less 
successful. The present hope is to expand and improve on earlier ef- 
forts. What is wanted is a scheme that will explicitly array, in terms 
of military effectiveness and costs, the real choices among present 
weapons and possible future weapons.—J.T. 
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CURRENT PROBLEMS IN RESEARCH 








Solar Research 


from Rockets 


The greatly broadened spectrum above the 


atmosphere opens a new realm for astrophysics. 


Study of the sun goes far back into 
history, but solar astrophysics is a 
relatively new and rapidly expanding 
field. The spectroscope is the key in- 
strument. Although invented three cen- 
turies ago by Newton, its first important 
application to solar research was made 
in 1802 by Wollaston, who noted the 
presence of dark lines in the solar spec- 
trum. Twelve years later Fraunhofer 
studied these lines in detail and showed 
that they are invariable in position. In 
1861 Kirchhoff explained the Fraunho- 
fer lines as produced by a cool revers- 
ing layer near the sun’s limb, with 
temperature lower than that in the 
underlying bright photosphere. Only in 
recent years has this useful concept 
been shown to be an oversimplification, 
a better model being one where both 
Fraunhofer lines and continuum are 
formed together in a region whose tem- 
perature falls gradually to a minimum 
at the limb. 

Photography, developed by Niepce 
and Daguerre in 1839, soon made pos- 
sible the recording of the solar spec- 
trum and especially of the ultraviolet. 
This was first accomplished by Bec- 
querel in 1842, and was varried to great 
perfection by Rowland, in 1882, with 
the aid of his concave diffraction grat- 
ings. Then came the invention of the 
spectroheliograph in 1891, by Hale and 
by Deslandres independently, which has 
led to the daily recording of the chang- 
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ing conditions on the sun by mono- 
chromatic photography of the disc. 

The corona has been studied inten- 
sively, over the last century, during the 
brief periods of total eclipse. Lyot’s 
invention of the coronograph in 1930, 
however, has made the inner corona 
visible at any time when the sky is 
really clear. With coronographs at sta- 
tions scattered widely over the earth, 
the million-degree coronal line emis- 
sions are now monitored on a 24-hour 
basis. 

Perhaps the most important question 
concerning the sun is the process by 
which its energy, released deep inside 
by the conversion of hydrogen into 
helium, is transmitted out through its 
atmosphere and radiated to the earth. 
An understanding of the details of this 
process is needed for the explanation of 
many solar phenomena. For example, 
one of the most mystifying is the 1 1-year 
periodicity in the sun’s radiation output, 
which affects our lives in many ways. 
Although the total energy radiated 
changes so little as to defy detection, 
there is a many-fold increase in x-iay 
emission at solar maximum, as has been 
discovered through rocket experiments. 
During flares, which become far more 
common at maximum, emission of hard 
x-rays takes place, causing ionization 
deep within our atmosphere and radio 
blackout. Though the periodicity must 
originate in the unseeable interior, a 
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complete understanding of the outer 
regions whose radiations can be studied 
will surely go far toward providing the 
explanation. 

The general nature of the sun’s at- 
mosphere is now understood from in- 
tensive study of its spectrum in the 
visible and near ultraviolet. There is no 
agreement as yet on the exact atmos- 
pheric model, and many types have 
been proposed. A suggested schematic 
model is shown in Fig. 1. The tempera- 
ture falls, from the center outward, 
from a high value inside the sun to a 
minimum near 4700°K at the limb. 
This region is the photosphere, where 
the white-light continuum originates; 
the blue, near 4500 angstroms, is the 
most intense and comes from farthest 
inside, where the temperature is nearly 
6600°K; the red and the ultraviolet 
come from regions closer to the limb, 
which are cooler. Superimposed on the 
continuum are the Fraunhofer absorp- 
tion lines, explained by Kirchhoff’s cool 
reversing layer. 

It is now known that the tempera- 
ture above the limb rises to a value of 
nearly one million degrees in the 
corona. Before the eras of rocketry and 
radio astronomy, this region could be 
studied in detail only during a solar 
eclipse. At the moment when an 
eclipse becomes total, the spectrum of 
the chromosphere, just outside the limb, 
flashes into view. In this flash spectrum 
the Fraunhofer lines appear as emission 
lines, because the photosphere and its 
brilliant continuum are cut out by the 
moon. However, lines of ionized 
helium, which are not present as Fraun- 
hofer lines, are observed in the flash 
spectrum. Their existence requires tem- 
peratures in excess of 20,000°K. This 
was the first evidence that the tempera- 
ture in the chromosphere rises with 
altitude. Farther out, the long unidenti- 
fied green line at 5303 A in the corona 
was shown by Edlén in 1940 to be 
produced by Fe XIV. The presence of 
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this highly ionized atom was indisput- 
able evidence that the temperature must 
rise to about 10°°K in the corona, since 
lesser energies are not sufficient to strip 
13 electrons from an atom of iron. 

Thus arose a problem which is still 
unsolved: How can the corona sustain 
a temperature near 10°°K, unless energy 
is received from a region that is still 
hotter? The deep interior of the sun is 
ind*ed sufficiently hot, but the cool 
outer layer enveloping it acts .as a 
screen to prevent radiation from trans- 
ferring the energy. 

It was clear that the inaccessible ex- 
treme ultraviolet would provide answers 
to many questions about the chromo- 
sphere and corona, because the reso- 
nance lines of atomic species that exist 
at these high temperatures lie at very 
short wavelengths. Observation of the 
sun in the extreme ultraviolet has been 
prevented, however, by the earth’s 
atmosphere. From the ground, ultra- 
violet solar emissions can be detected 


only to about 2900 A. This abrupt ter- 
mination of the spectrum was shown in 
1913 by Fabry and Buisson to be 
caused by ozone in the earth’s atmos- 
phere. Despite attempt after attempt, 
this limit could not be exceeded, even 
through the use of stratosphere bal- 
loons, since the ozone layer is too high. 
All that was required to break through 
this impasse was a means of carrying 
equipment to still greater altitudes. 


Rocket Spectroscopy 


Through rockets, first made practi- 
cal by the Germans during World War 
II, this dream of astronomers has been 
realized. It is now possible to study the 
solar radiations across the entire elec- 
tromagnetic spectrum. The expense is 
high, but the rewards are great. The 
solar spectrum, in former times known 
hardly at ali outside the frequency 
range 10 to 10" cycles per second, has 





now been observed all the way to 10” 
in x-rays. A similar breakthrough has 
been made toward the red, where the 
spectrum is now observed to 10° cycles 
per second by means of radio techni- 
ques, also -resulting from developments 
of World War II. Thus, the width of the 
window has been increased from | pow- 
er of ten to 11 powers of ten. 

The first “rocket ultraviolet” solar 
spectrum was obtained by the USS. 
Naval Research Laboratory (7) in 1946. 
For historical interest, and to point up 
the progress made in 15 years, it is 
reproduced in Fig. 2. This established 
indisputably the height of the ozone 
layer and the fact that little absorption 
by ozone remains at 55 kilometers. 
There was much excitement over this 
spectrum, and especially over the great 
absorption doublet of ionized mag- 


nesium (2802.7, 2795.5 A), correspond- ° 


ing to the well-known near-ultraviolet 
H and K lines of ionized calcium. Im- 
proved spectra, from which detailed 
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studies of these emissions could be 
made, were eagerly awaited. 

From the beginning it was apparent 
that rocket-borne laboratories would 
present many special problems not en- 
countered in ground-based spectroscopic 
laboratories. The greatest difficulty is 
the shortness of the time available for 
observing. The Aerobee-High rocket, 
now in common use for astrophysical 
research, provides but 5 minutes of time 
above 100 kilometers, and only 2 to 3 
minutes above 200 kilometers, the alti- 
tude above which there is very little 
absorption. Satellites now offer a pos- 
sible means of surmounting this time 
limitation, and we may expect many 
advances to be made during the next 
5 years, from orbiting solar observ- 
atories. 

A second difficulty encountered with 
rockets is their unpredictable roll, yaw, 
and pitch. The spectrograph must be 
directed accurately at the sun if useful 
records are to be made in the short 
time of flight. The solution of this 
problem lay in the development of a 
solar pointing control with which a 
spectrograph could be aimed contin- 
uously at the sun during flight. The 
University of Colorado (2) succeeded 
in making the first practical biaxial 
pointing control. This device will point 
40 pounds of equipment*at the sun with 
an accuracy within 1 minute of arc and 
has made it possible to obtain excellent 
solar spectra. 

At White Sands, recovery of photo- 
graphic records has turned out not to 
be difficult. Almost always the film 
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Fig. 2. The first spectrum of the sun obtained from a rocket, as photographed from a V-2 rocket by the U.S. Naval Research 


Laboratory (/), 10 October 1946. When the spectrograph was above the ozone layer the spectrum extended far into the ultra- 
violet. 
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casette has been located undamaged, 
even after the most severe impact. 


More recently, however, parachute re- 
covery of equipment has become feasi- 
ble, and this offers the possibility of 
saving the entire instrumentation for 
recalibration and re-use. 

The sun itself, however, continues to 
be a challenge to spectroscopists. Even 
if it were available in the laboratory, 
with none of the problems associated 
with rockets or satellites, the sun would 
still be extremely difficult to study, for 
the reason that its spectrum becomes 
fainter and fainter with shorter and 
shorter wavelengths but is extremely 
intense in the visible. Since most de- 
tectors of extreme ultraviolet radiation 
also respond well to the visible and near 
ultraviolet, and since only one-millionth 
of the sun’s total energy falls in the 
spectral region below 1000 A, the prob- 
lem of suppressing instrumental stray 
light is critical. It is not difficult, in 
principle, to reduce the stray light by 
as large a factor as is necessary, but 
this must be accomplished without re- 
ducing the intensity of the short wave- 
lengths themselves, which are already 
faint. 

Many advances have been made in 
stray-light suppression. An_ excellent 
method is the detection of the radia- 
tion by a photomultiplier with a metal 
cathode. Metals have extremely low 
photoelectric yields for wavelengths 
greater than about 1300 A, but at 
shorter wavelengths the yield becomes 
high; thus, they are relatively blind to 
the intense long-wavelength portion of 
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the solar spectrum which produces most 
of the stray light. Using such a photo- 
multiplier, combined with a_ grazing 
incidence spectrograph in which the 
stray light intensity is extremely high, 
Hinteregger (3) has succeeded in reach- 
ing 65 A with a resolution of the order 
of 5 A. 

For obtaining spectra of the greatest 
resolution, photographic film must be 
used, and this is highly sensitive to the 
stray light. In the most recent experi- 
ments by the U.S. Naval Research 
Laboratory (4) the stray light has been 
suppressed by combining two spectro- 
graphs in series. The first spectrograph 
consists of a concave grating which re- 
ceives the sunlight, and which is ar- 
ranged to disperse the spectrum up and 
down the slit. A second concave grat- 
ing located behind the slit disperses the 
light at right angles to the slit and forms 
a spectrum in the usual fashion. Spectra 
obtained with this instrument are re- 
produced in Fig. 3. The combination of 
the two dispersions at right angles 
makes the spectrum look strangely dis- 
torted. However, double dispersion 
proved to be a successful method of 
freeing the spectrum from contamina- 
tion by stray light, at least to wave- 
lengths as short as 800 A. 

For recording the very faintest emis- 
sions it was necessary to make use of 
the most sensitive photographic emul- 
sions, and of reflecting coatings and 
diffraction gratings of the highest effi- 
ciency. Contributing to the success of 
the spectrograph were the _ special 
Schumann-type, gelatine-free photo- 
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graphic film of Kodak-Pathé in France, 
produced by a centrifuging process de- 
scribed by Audran (5); the high-reflec- 
tance coating, magnesium fluoride over 
fresh aluminum, described by Hass and 
Tousey (6); and the blazed tripartite 
replica diffraction gratings ruled by 
Richardson at Bausch and Lomb. 

The spectrum reproduced in Fig. 3 
is a composite of several exposures se- 
lected to present as wide a range as 
possible in a single reproduction. The 
spectrum at the bottom was the best 
exposure, covering the range 950 to 
1400 A. The spectrum at the top con- 
sists of three parts; the region from 
1550 to 1170 A is from one exposure, 
that from 1170 to 805 A is from a 
second exposure, and that from 805 to 
500 A is from a third. The portion at 
upper left was produced by the second- 
order image from the external grating 
and the first-order image from the main 
grating, while the portion near 600 A 
at the bottom of the left-hand area was 
from the first-order image of the first 
grating. There is a trace of fog at the 
short-wavelength end, produced by light 
from a small leak which opened during 
flight, but except for this, there is no 
contamination of the spectrum by stray 
light. The region from 1500 to 2300 A 
is shown in Fig. 4 (photographed with 
a single-dispersion spectrograph); it is 
pieced together from the best spectra 
obtained on several earlier flights. 


Changing Character of the Spectrum 


The spectra reproduced in Figs. 3 and 
4 show the dramatic change that takes 
place in the character of the solar 
spectrum as one looks deeper and 
deeper into the ultraviolet. At wave- 
lengths longer than 2085 A the spec- 
trum is a continuum crowded with 
dark Fraunhofer lines, not greatly dif- 
ferent from the visible spectrum. Below 
1530 A the character is completely 
changed. Here the continuum is smooth; 
no Fraunhofer lines are present, but in 
their place there are many intense emis- 
sion lines. 

With the aid of the model of Fig. 1 
it is possible to interpret, qualitatively, 
many of the features of the spectra. 
The photospheric continuum with 
Fraunhofer lines becomes less intense, 
and originates closer to the limb, at the 
shorter wavelengths; at 2100 A _ the 
brightness temperature of the con- 
tinuum is 5500°K, and the Fraunhofer 
lines dip down to about 5000°K. Below 
2085 A the spectrum suddenly becomes 
weaker and the Fraunhofer lines almost 
vanish, as may be seen from Fig. 4. 
The cause is continuous absorption of 
some kind, which makes it impossible 
to see between the Fraunhofer lines 


into the deeper layers. The emission 
level is at 5000°K. Below 2050 A the 
Fraunhofer 
conspicuous 


lines become a bit 
again but 


more 
remain far 





weaker than above 2100 A. The Mg I 
line at 2026.5 A is intense, as is the 
double broad feature at 1935 A, pro- 
duced by autoionization transitions of 
Al I. 

It is tempting to ascribe the onset of 
continuous absorption at 2085 A to the 
ionization continuum of aluminum, 
whose ionization limits lie at 2076.1 
and 2071.3 A. The great depth of the 
aluminum autoionization lines, which 
reach a temperature level of 4700°K, 
and the presence in the spectrum above 
2100 A of a number of the Al I 
absorption lines in the series leading up 
to these limits, support this explana- 
tion. This portion of the continuum, 
therefore, can be interpreted as arising 
from a region close to that of minimum 
temperature, with the aluminum auto- 
ionization lines arising from the mini- 
mum-temperature region. 

The spectral region from 1850 to 
1550 A, shown in Fig. 4, is most inter- 
esting because it arises from the region 
of minimum temperature and has con- 
tributions from the photosphere below 
and the chromosphere above. It is the 
transition region between the normal 
Fraunhofer spectrum and the extreme 
ultraviolet emission-line spectrum. Here 
all three types of spectrum are present 
together—the continuum, Fraunhofer 
lines, and emission lines. At the resolu- 
tion presently obtainable it is not easy 
to determine which features are emis- 
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THE EXTREME ULTRAVIOLET SPECTRUM OF THE SUN 


PHOTOGRAPHED BY THE U.S. NAVAL RESEARCH LABORATORY 
PEAK OF AEROBEE~Hi TRAJECTORY 223 KM 
PRIL 19, 1960 
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Fig. 3. The extreme ultraviolet spectrum of the sun, photographed with a double-dispersion spectrograph from an Aerobee-High rocket 
by the U.S. Naval Research Laboratory on 19 April 1960 (4). The upper spectrum is pieced together from three exposures, with 


joints at 805 and 1170 A. 
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Fig. 4. The solar spectrum from 1500 to 2300 A, photographed with a single-dispersion spectrograph by the U.S. Naval Re- 
search Laboratory. The three sections were obtained with different instruments. 


sion and which are absorption, in many 
instances. The Fraunhofer lines can be 
traced toward short wavelengths to 
1770 A. The longest emission line 
appears at 1993 A, but the first strong 
emission lines are those of Si II, at 
1808.0 and 1816.9 A. 

Much of the faint structure between 
1700 and 1600 A appears to be pro- 
duced by emission lines of Fe II, and 
from Fe II, of course, arise many 
strong absorption lines above 2000 A. 
If the Fe If emission comes principal- 
ly from a region just above the tem- 
perature minimum, at the very bottom 
of the chromosphere, it would be ex- 
pected to appear as emission lines 
above the 1600-A continuum, which 
arises from the lowest temperature re- 
gion, and as Fraunhofer lines against 
the higher-temperature continuum for 
wavelengths greater than 2100 A. The 
situation is similar for neutral sulfur, 
whose multiplet containing the raie 
ultime near 1800 A is seen faintly in 
absorption. The higher multiplets of 
the series appear at wavelengths below 
1500 A in emission. Thus, neutral sul- 
fur lines also appear to be radiated 
from the bottom of the chromosphere, 
just slightly above the region of mini- 
mum temperature. In order to complete 
a study of the distribution of atoms in 
this region it will be necessary to obtain 
spectra at higher resolution and also to 
determine in the laboratory the absorp- 
tion cross sections for the various 
atomic lines involved. 

The continuum below 1530 A has no 
Fraunhofer lines (see Fig. 3). There 
are a few regions where absorption is 
evident—for example,~ near 1120 A. 
These absorptions are not solar but are 
produced by water vapor carried with 
the spectrograph and rocket. 

The absence of any Fraunhofer lines 
at wavelengths shorter than 1530 A 
means that there can be no region 
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in the line of sight at a temperature 
lower than that of the region from 
which the continuum arises. Since the 
brightness-temperature level varies be- 
tween 4700° and 4750°K from 1530 
to 1280 A, the radiation must arise 
from the region extending from the 
temperature minimum a short way out- 
ward into the chromosphere. 

The ending of the Fraunhofer region 
at 1530 A may be the effect of the 
capture continuum leading to Si I, 
whose ionization limits are 1526.26, 
1522.86, and 1521.07 A. Silicon is an 
abundant element, and many lines of 
Si II in emission, and of Si I in absorp- 
tion. are intense; therefore the capture 
continuum would be expected to be 
important. 

The Lyman-qa line of hydrogen, 
1215.67 A, is the most intense feature 
of the extreme ultraviolet spectrum. 
Below 1280 A the continuum rises 
rapidly as the Lyman-q line is ap- 
proached, then falls on the short-wave- 
length side. Here the emission is pro- 
duced by hydrogen in the broad wings 
of the Lyman-q line. The continuum is 
surprisingly intense below 1150 A, 
however, and in the original spectrum 
it can be traced all the way through the 
Lyman series of hydrogen. Its bright- 
ness temperature never falls below 
5100°K. 

The origin of the continuum below 
1200 A is not entirely understood. A 
considerable portion must be produced 
by the wings of the higher members of 
the Lyman series of hydrogen. Still an- 
other contribution appears to come 
from the capture continuum leading to 
C I, whose ionization limits lie near 
1101 A, and a similar contribution 
may be attributed to S I beyond its 
ionization limits near 1200 A. This 
radiation must come mainly from the 
chromosphere, perhaps within 2000 
kilometers of the limb. 


Emission Lines 


The most exciting features of the 
extreme ultraviolet spectra obtained 
with rockets are the emission lines. The 
various lines arise from different layers 
in the chromosphere and corona, and 
thus they may provide a great deal of 
information about the distribution of 
material and the physical processes oc- 
curring in this little understood region, 
where local thermodynamic equilibrium 
does not exist. Perhaps the best exam- 
ple is the lithium-like isoelectronic se- 
quence of resonance lines, which pro- 
duces line pairs extending throughout 
the entire spectrum, as may be seen in 
Fig. 3. These lines are entered on the 
temperature model of Fig. 1 in accord- 
ance with calculations made on the 
basis of the method of Woolley and 
Allen (7). Each succeeding element in 
the isoelectronic sequence requires 
greater energy to strip the electrons 
down to one in the L-shell. Therefore 
each must be produced farther out in 
the region leading to the corona, where 
the temperature is sufficiently high to 
furnish the appropriate energy. 

The first members of the lithium 
sequence are, of course, the resonance 
pair of Li I, the well-known labora- 
tory lines in the red. Because lithium 
is easy to ionize, these lines are not 
seen as Fraunhofer lines in the light 
of the photosphere but can be seen in 
sunspots, where the reduced tempera- 
ture increases the concentration of 
neutral lithium. Next in the sequence 
is Be II. These lines, at 3130.4 and 
3131.1 A, are observed as faint Fraun- 
hofer lines against the photospheric 
continuum. They originate in the re- 
versing layer. Twice-ionized boron has 
its resonance lines at 2066.4 and 2067.9 
A, and according to calculation should 
arise from a region well out in the 
chromosphere. However, since boron 
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is probably at least four times less 
abundant than silicon, whose lines are 
present in this spectral range, it is not 
surprising that its lines do not show 
above the nearby moderately intense 
photospheric continuum. The resonance 
lines of C IV, however, show strongly 
in the spectrum at 1548.2 and 1550.8 
A; according to calculation, these 
should arise from a region of the 
chromosphere where the temperature 
is close to 80,000°K. Next in the se- 
quence is N V, which can be seen at 
1238.8 and 1242.8 A. These lines are 
followed by the O VI lines, at 1031.9 
and 1037.6 A, which are very intense 
because oxygen is an abundant element 
in the sun. They arise from near the 
top of the chromosphere, where the 
temperature has reached 200,000°K. 
Next in the sequence would be F VII, 
but this line is not seen because fluorine 
is a rare element. The resonance lines 
of Ne VIII, however, are present in 
the spectrum, at 770.4 and 780.3 A. 





These are the first lines of neon to .be 
discovered in the spectrum of the sun 
and the first direct proof that neon is 
present in the sun. Their discovery 
was not unexpected, since neon has 
been identified in stars and its cosmic 
abundance is equal to that of carbon. 
The lines of neon arise from a region 
very high in the chromosphere or low 
corona, where the temperature is of 
the order of 500,000°K. As yet, the 
lines of Na IX have not been found, 
but the cosmic abundance of sodium 
is 40 times less than that of neon. Mag- 
nesium, however, is quite abundant, 
and the resonance lines of Mg X are 
clearly present, at 609.7 and 624.9 A. 
These lines may be considered coronal, 
since a temperature of almost | million 
degrees is required for their production. 
Next in the sequence would be Al XI, 
but aluminum, like sodium, is _ less 
abundant. Finally, there are the reso- 
nance lines of Si XII, at 499.3 and 
521.1 A. Still higher temperatures are 


required for their excitation, and they 
must originate at a temperature level 
well over 1 million degrees in the co- 
rona. 

In addition to these lines, many 
others can be seen in Fig. 3. Most are 
from low states of ionization of the 
abundant light elements, such as car- 
bon, nitrogen, and silicon. They arise 
in the low chromosphere. Almost all 
the emission lines have been identified, 
but there are perhaps 25 whose origin 
is not known. 


Hydrogen and Helium 


The most abundant element in the 
sun is hydrogen. A knowledge of its 
distribution in the chromosphere is 
essential to an understanding of the 


physical processes which sustain the . 


high temperature in the chromosphere 
and corona. The resonance lines of 
hydrogen lie in the extreme ultraviolet, 
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Fig. >: Images of the Lyman-a line of hydrogen, obtained at high dispersion by the U.S. Naval Research Laboratory (8) on 19 
April 1960. The narrow center absorption core is produced by hydrogen between the rocket and the sun. The bright streaks 


are the spectra of solar plages. 
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and a great deal is now known about 
them from the spectra obtained from 
rockets. 

Nearly the entire Lyman series of 
hydrogen can be seen in Fig. 3, com- 
mencing with Lyman-qa whose intensity 
is far higher than that of any other 
emission line in the extreme ultraviolet, 
and continuing with ten higher mem- 
bers of the Lyman series. Beyond the 
last resolved line the unresolved high 


Fig. 6. Images of the sun on 13 March 1959. (Top left) Photograph taken in 
an Aerobee-High rocket; (upper right) CaKz,s,2 spectroheliogram; (bottom left) photograph taken in the light of the hydrogen-a 


line with a 0.7-A monochromatic filter; (bottom right) photograph 
McMath-Hulbert Observatory, U.S. Naval 
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members -of the series build up with 
the appearance of a continuum to the 
series limit at 912 A; this is followed 
by the Lyman continuum itself, which 
can be traced to about 800 A. 

The profile of the Lyman-q line has 
been studied by the U.S. Naval Re- 
search Laboratory (8) with a_high- 
resolution spectrograph. Nine high-dis- 
persion images of the line, obtained on 
19 April 1960, are shown in Fig. 5. 


The first immediately obvious fea- 
ture is the extremely narrow absorp- 
tion core at the center of the line. Its 
width is approximately 0.04 A. This 
narrow absorption line is produced by 
hydrogen in the region between the 
spectrograph and the sun. The pres- 
ence of hydrogen in the upper atmos- 
phere and exosphere has been detected 
with rockets, from the intense Ly- 
man-q@ emission from the sky when it is 





the light of the Lyman-a line of hydrogen from 


taken in white light. [U.S. Naval Research Laboratory. 


Research Laboratory, and Naval Observatory, respectively] 
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illuminated by sunlight. This absorp- 
tion line gives a quantitative measure 
of the amount of hydrogen present. 
Photometry of the absorption core has 
shown that the total quantity of hydro- 
gen required to produce the line is 
3 xX 10” atoms per square-centimeter 
column between the spectrograph, at 
100-kilometer altitude, and the sun; 
from the width of the line it has been 
determined that the temperature of 
the hydrogen lies between 1000° and 
2000°K. 

The second important aspect of the 
Lyman-q line is its great width. The 
streaks crossing the line are the spectra 
of different regions of the sun, of 
plages, and of areas of less activity. 
The top and bottom edges correspond 
to the solar limb. In the strongest 
plages the spectrum can be followed to 
more than | A from the center, and, 
of course, it must merge smoothly into 
the far wings, which may be seen in 
Fig. 3. The center of the emission 
line, apart from the narrow absorption 
core, is broadly self-reversed, with the 
most intense emission occurring about 
% A on either side. 

The width and shape of the central 
part of the Lyman-q line have been 
shown by Morton and Widing (9), in 
accordance with the theory of Jefferies 
and Thomas (/0), to require emission 
in a region of the sun where the tem- 
perature is of the order of 80,000°K. 
The wings, however, are formed lower 
in the atmosphere, and the extreme 
wings, perhaps 50 A from the center 
of the line, come from close to the 
limb. The Lyman continuum, whose 
radiation temperature is approximately 
6700°K, arises from low in the chromo- 
sphere, where the electron tempera- 
ture is of the order of 10,000°K. Con- 
tinued study of the Lyman-q profile 
and observation of the profiles of the 
higher members of the Lyman series 
will eventually give us detailed knowl- 
edge of the distribution of hydrogen 
throughout the chromosphere. 

In another type of study the sun’s 
disc was photographed by the US. 
Naval Research Laboratory (//) in the 
light of the Lyman-q line of hydrogen 
by flying a monochromatic camera. 
This produced an image of the type 
generally obtained by _ spectrohelio- 
graphs. Figure 6 shows four images of 
the sun obtained on 13 March 1959. The 
photographs were taken, respectively, in 
(i) the light of the Lyman-q line; (ii) the 
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light of the calcium K _ line; (iii) the 
light of the red line of hydrogen (this 
image was obtained with a Lyot filter); 
and (iv) ordinary white light. The Ly- 
man-q@ emission pattern over the sun 
shows more contrast and is coarser 
than any of the others. According to 
the result obtained from the profile of 
the center of the line, the Lyman-a@ 
emission shown in Fig. 6 must arise 
from the level in the sun near 7000 
kilometers, where the temperature is 
nearly 100,000°K. The red line of hy- 
drogen, however, comes from a low- 
er region of the chromosphere, where 
the temperature is approximately 10,- 
000°K—perhaps from 4000 kilometers 
above the limb—and the calcium-K 
emission is thought to originate even 
lower down. In future experiments it 
is planned to photograph the sun in 
the light of other emission lines, thus 
securing maps of the atmosphere for 
many different levels. It would be espe- 
cially interesting to obtain images with 
the various lines in the lithium se- 
quence. 

The solar lines of helium in the ex- 
treme ultraviolet are of great impor- 
tance, since a detailed study of their 
intensities and profiles would lead to 
a better determination of the abundance 
of helium in the sun’s atmosphere and 
of its distribution in the chromosphere. 
This is of interest in connection with 
the origin of the sun. It is believed 
that the sun’s atmosphere has the same 
composition as the original cloud of 
gas from which the sun was formed by 
condensation. Although the heat pro- 
duced by the sun is produced by the 
conversion of hydrogen into helium 
deep inside the sun, it appears that 
little or none of the helium so formed 
leaks to the surface to change the 
composition of the sun’s atmosphere. 

Two helium lines are present in the 
spectrum shown in Fig. 3, the 584.3-A 
resonance line of neutral helium and 
the second line of the series, at 537 A. 
The resonance line of He II at 303.8 A 
has been photographed by Rense 
(12) and observed photoelectrically by 
Hinteregger (3); a trace of the third- 
order image of this line, at 911.4 A, 
appears near the head of the Lyman 
continuum in Fig. 3. The Balmer series 
of.He II is clearly present in the spectra 
of Figs. 3 and 4. Its first line, at 1640.5 
A, is conspicuous. The higher lines in 
the series should be present in Fig. 3. 
However, every second line is blended 





with a line of the Lyman series, and 
several of the lines lying between mem- 
bers of the Lyman series happen to 
be blended with other emission lines. 
Traces of several of the high lines of 
the series have been identified. It ap- 
pears that it will eventually be possible 
to apply the techniques of high-resolu- 
tion spectroscopy and monochromatic 
photography to the He I line at 584 A 
and the He II line at 304 A and so 
to obtain detailed knowledge of the 
distribution and abundance of helium 
in the atmosphere of the sun. 

Plans for solar research from rockets 
and satellites include many new and in- 
teresting experiments. With control of 
rocket orientation during flight it will 
soon be possible to study in greater 
detail many aspects of the solar spec- 
trum in the extreme ultraviole-—to 
study changes in the spectrum very close 
to the limb; to make line identifications 
from 500 A even into the x-ray region; 
and, by monochromatic photography, 
to study the pattern of emission over 
the disc of the different lines in the 
lithium-like sequence. Satellites, on the 
other hand, offer the possibility of 
studying the outer corona, which is 
now visible only at total eclipse, on an 
hour-to-hour basis. This region con- 
tains the strange streamers that may, 
indeed, stretch to the earth itself, send- 
ing to us the charged particles that 
become trapped to form the Van Allen 
belts. Observation of changes in these 
weird forms from day to day, or even 
from hour to hour, may well provide 
the key to many of the effects taking 
place in the earth’s atmosphere, and 
may possibly throw new light on the 
problem of changes in the earth’s 
weather. 
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INSTRUMENTS AND TECHNIQUES 








X-ray Fluorescence 


Analysis in Biology 


Both standard and special x-ray methods can help in 
the difficult study of low-concentration elements. 


Only a few chemical elements are 
abundant in living materials. The 
nucleic acids consist mainly of carbon, 
nitrogen, oxygen, hydrogen, and phos- 
phorus; sulfur is needed for proteins; 
and calcium for bone. All the other 
chemical elements found in living mat- 
ter have been called “minor constitu- 
ents.” Although the “minor” elements 
are omitted from the crude diagrams 
of many important molecules and often 
appear in tissues only in very low con- 
centrations, we know that they are 
tremendously important. 

Today we have a variety of instru- 
ments for measuring the concentrations 
of the minor elements. These measure- 
ments must be made if we are to under- 
stand the many roles of the minor 
elements in life. Many desirable assays 
are still technically beyond us. This 
article describes the place of one 
measuring tool, x-ray fluorescence 
analysis, in the exploration of the low- 
concentration elements in biology. 

Before discussing the contribution 
that this method can make, let us 
briefly review the foundations of the 
technique. 


Primer 


The analysis of chemical elements 
by x-ray fluorescence is analogous to 
emission spectroscopy. In both cases, 
elements are excited to emit their char- 
acteristic radiations, and the instrument 
distinguishes between the wavelengths 
associated with the different elements. 
In emission spectroscopy (as the term 
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is usually used) the excitation affects 
the outer electrons of the various atoms 
and the radiation is in the visible or 
near-visible region. In x-ray analysis, 
inner electrons are ionized and the 
wavelengths are much shorter, approxi- 
mately 0.2 to 10 angstroms. 

The term fluorescence refers to the 
characteristic radiation emitted by a 
material when it is exposed to radiation 
of shorter wavelengths. Most x-ray 
analysis of elements is “fluorescence” 
analysis, in the strictest sense of the 
word, because the characteristic x-rays 
are usually excited by exposing the 
specimen to other x-rays. Alternatively, 
one can use an electron beam for 
excitation, a method which has become 
popular recently and is considered 
briefly at the end of this article. In 
this case the characteristic x-rays are 
not “fluorescent” in the strict sense 
of the word, and the method is more 
properly. placed under the _ general 
heading of x-ray emission spectroscopy. 

Any x-ray fluorescence analysis sys- 
tem includes an x-ray source to excite 
the specimens and an analytical system 
to discriminate between the radiations 
from the different elements in a speci- 
men and to measure the intensity of 
each element’s contribution. The x-ray 
detector is generally either a gas-filled 
tube (a Geiger or proportional counter) 
or a scintillation crystal coupled to a 
photomultiplier. With any of these de- 
tectors, each incident x-ray quantum 
may be converted to a discrete electri- 
cal pulse. The pulses are counted or 
recorded by scalers or counting rate 
meters. 

In commercial instruments (see Fig.1) 
a diffracting crystal is mounted between 
specimen and detector (as shown in 


Fig. 2). At any moment, ideally, x-rays 
from only one element enter the de- 
tector. The diffracting crystal generally 
discriminates quite cleanly against all 
the other elements in the specimen 
(i, 2) 

X-ray analysis has some major ad- 
vantages. 

1) X-ray spectra correspond to the 
simple pattern of energy levels of inner 
atomic orbits; this results in relatively 
uniform sensitivity over a wide range 
of atomic numbers. 

2) Because the energies of the inner 
electron orbits are affected only neg- 
ligibly by chemical binding, element 
analysis is independent of chemical 
state even in unprocessed specimens. 

3) Preparation of the specimen is 
usually simple. Often the specimen 
can be placed directly in the x-ray 
beam without preparation. 

4) X-ray analysis is essentially non- 
destructive in that constituents of the 
specimen are not displaced (molecular 
bonds may be ruptured). 

X-ray analysis also has some major 
disadvantages. 

1) Absorption and self-excitation ef- 
fects in the specimen (“matrix effects”) 
necesssitate elaborate calibration curves 
for quantitative work, except in the 
case of thin specimens. 

2) In the region of atomic numbers 
12 to 22, helium or vacuum specimen 
chambers are desirable to avoid exces- 
sive attenuation of the “soft” charac- 
teristic x-rays. For atomic numbers be- 
low 12, attenuation makes x-ray analy- 
sis impractical for most applications. 

In mineralogy and metallurgy, where 
x-ray fluorescence has its widest use, 
the sensitivity limits for standard in- 
struments are considered to be one or 
a few micrograms of an element of 
interest per specimen, in minimum con- 
centrations of around 10“ (3). How- 
ever, as petroleum analysts have 
known for some time (4), sensitivity 
is higher with organic specimens be- 
cause of the much longer mean free 
paths for background scattering and 
for absorption in material of low 
atomic number. Natelson considers 
the measurement of 0.1 microgram of 
iodine to be feasible in organic speci- 
mens (5). As shown in a subsequent 
section, various modifications of the 
standard arrangement of Fig. 2 can 
extend the performance much further 
in certain biological studies. But first 
I shall review the practicable biological 
applications of standard x-ray analysis 
units. 
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Application of Standard 


Instruments in Biology 


For reasons of speed, simplicity, and 
reliability, x-ray analysis is a preferred 
method wherever its sensitivity is high 
enough for handling specimens after 
mere drying. Examples of such ap- 
plications are clinical assays for iron, 
calcium, potassium, chlorine, sulfur, 
and phosphorus in blood (5, 6), and 
for bromine in blood and urine in cases 
of bromide poisoning (7). 

Without specimen preparation more 
elaborate than mere drying, the minor 
elements generally cannot be measured 
in tissues (zinc and iron may be ex- 
ceptions). Hence, “as-is” analyses are 
limited mainly to the cases above and 
to special situations, such as measure- 
ments of iodine in the thyroid gland, 
of pathological accumulations, or of 
the metallic constituent of an extracted 
metalloenzyme. 

With preconcentration techniques 
the group of feasible analyses is signifi- 
cantly enlarged. Examples are the assay 
of strontium in bone and in serum after 
ashing (8) and the assay of bromine 
in a centrifuged liver fraction from a 
bromine-intoxicated individual (7). The 


attractiveness of x-ray analysis after 
element concentration depends partly 
on the merits of competing techniques, 
represented in Table 1. (The reader 
must recognize that there are sweeping 
approximations in such a compressed 
tabulation.) 

General reviews of x-ray analytical 
applications (9) list few items in the 
field of biology. This is partly because 
biological analysts are more familiar 
with other techniques. Most of the 
methods of Table 1 require consider- 
able preparation of specimens; with 
similar effort devoted to chemical con- 
centration, x-ray analysis could be ap- 
plied relatively conveniently to many 
biological specimens. However, for the 
purpose of scanning a wide variety of 
tissues for a wide variety of minor 
elements [as Tipton (J0) has done, for 
example], one must use techniques with 
which lower element concentrations 
and smaller amounts can be measured, 
such as emission spectroscopy and 
neutron activation. 

In sum, a commercial x-ray fluores- 
cence analysis unit is very desirable for 
routine, mass-production assays of cer- 
tain minor elements, including some of 
the most important clinical assays. The 


Tz able 1. Capabilities of some methods for assay of chemical elements. 














Minimum Minimum concentration® Range of Independent Nonde- Ref- 
amount ulamaaet of chemical ghee 
(uz) ppm ug/ml $} state? structive’ erence 
Emission spectroscopy Ty sig) eke: 
10-'-0.01 0.002-0.2 N, 41 Yes No (26) 
Z, 3-92 
0.01-0.3 3-100 N, 12 (27) 
Flame photometry 
0.002-0.1 Li; iNa; K; Yes No (26) 
Ca, Mn, Cu, 
Rb, Sr 
1-15 Ca, K, Na (28) 
Atomic absorption spectroscopy 
0.03-2 N, 13 Yes No (29) 
Z, 11-79 
Colorimetry 
0.001-0.2 N, 31 Yes No (26) 
Z, 4-82 
0.4-5 B, Fe, Mg, 
PFS (28) 
Neutron activation 
10-°-0.1 N, 61 Yes No (30) 
Z, 11-92 
Mass spectroscopy 
~10-° ~10-° N, 68 Yes No (31) 
Electron spin resonance 
~10-*-10-+ Transition No Conceiv- (32) 
elements ably 
X-ray fluorescence (commercial) 
0.1-1 1-10 Z, 12-92 Yes Yes (33) 





* Concentration in the specimen fed to the device. . The concentration 
may be much lower if preconcentration is used. {+N = ber of el 


in the original specimen 





Ss; 


Z = atomic numbers. 


Elements outside the indicated range may be cnchiecitt. but with sensitivities poorer than shown. 
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instrument cannot be the major re- 
source of a laboratory devoted to gen- 
eral research on the minor elements in 
biological tissues, but it can be quite 
useful in such a laboratory as one of 
a group of analytical tools. 


Histological Localization 


It may be far from easy to determine 
the role of a minor element in a biologi- 
cal issue. For example (this is discussed 
at greater length in a subsequent sec- 
tion), no one knows whether zinc plays 
any role in the prostate gland even 
though the extraordinary concentration 
of the element there has been investi- 
gated by many scientists since its dis- 
covery 40 years ago (//). Element assay 
in a gross piece of tissue can be provoc- 
ative but is not enlightening. To gain 
understanding, we must localize ele- 
ments in some way—localize them, for 
example, to a biochemical fraction such 
as an enzyme, or to a separated cellular 
component such as the mitochondrion, 
or histologically to a cell type such as 
the islet cells of the pancreas. 

Today’s instruments are least satis- 
factory for histological localization. 
It is very desirable to analyze individual 
tissue sections and to inspect either 
the identical or the adjacent sections 
microscopically, in order to discover 
any correlations between element con- 
centrations, cell types, and pathological 
conditions. Since an element is often 
studied in just those tissues where its 
concentration is strikingly high, the 
technical challenge may not involve 
assays at very low concentrations, but 
it does involve very small amounts. 
A conventional tissue section, perhaps 
0.1 square centimeter in area and about 
10 microns thick, weighs only about 
0.1 milligram. Even at, let us say, the 
relatively high minor-element concen- 
tration of 10°, there will be only 
about 10° gram of an element of in- 
terest per section. None of the tech- 
niques listed in Table 1 provides con- 
venient measurements of such small 
amounts of elements in such small 
specimens, especially if one prefers not 
to destroy the sections (/2). 

For the histological localization of 
minor elements, the most popular meth- 
ods are radioautography and _histo- 
chemical staining. In the most favorable 
cases each of these methods can pro- 
vide localization with a resolution ap- 
proaching that of the microscope. 
Other methods are still needed because 
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these two are not quantitative and are 
often found to be inapplicable. Fur- 
thermore, it is quite difficult to estab- 
lish the specificity and uniformity of a 
histochemical stain in a chemically 
complex tissue. 

I now discuss a modified x-ray fluo- 
rescence system by which measurements 
may conveniently be made of the aver- 
age concentration of an interesting ele- 
ment in a histologist’s tissue section (al- 
though the sensitivity is not high enough 
for making measurements on micro- 
areas within the section). 


Nondispersive X-ray 


Analysis and Histology 


When a standard x-ray instrument 
is set to assay for a particular element, 
the diffracting crystal (Fig. 2) rejects 
not only x-ray quanta from other ele- 
ments but also, unfortunately, most of 
the quanta from the element of in- 
terest. Only the fraction that strikes 
the crystal face within a certain small 
range of angles is passed on to the de- 
tector. Sensitivity is lost through this 
waste of good quanta. 

An alternative arrangement, with no 
diffracting crystal (Fig, 3), is called 
“nondispersive” because x-rays of dif- 
ferent wavelengths are not spacially 
dispersed. X-rays of all wavelengths 
reach the detector, which then has the 
job of distinguishing between them. 
Nondispersive instruments may have 
only one detector; the reason for the 
second detector in Fig. 3 is explained 
later. 

At full power dispersive x-ray in- 
struments yield “absolute sensitivities” 
of 10° to 10° counts per second per 
gram of element of interest. The ab- 
solute sensitivity of a given instrument 
for a given element can be increased 
by a factor of the order of 100 (a con- 
servative figure) by the act of omitting 
the diffractor and rearranging the com- 
ponents nondispersively. Nevertheless, 
nondispersive instruments are rare, for 
the good reason that only diffractors 
can resolve the complex spectra in- 
volved in most applications. 

For several reasons the x-ray spectra 
excited in histological specimens are 
relatively simple. The low average 
atomic number results in relatively weak 
background radiation from the bulk of 
the specimen. In studying certain inter- 
esting elements like zinc and iron, one 
encounters few interfering elements of 
comparable concentration. Finally, in 
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Fig. 1. A standard x-ray fluorescence analyzer. [Philips Electronic Instruments] 


X-ray tube 





Specimen 











Diffractor 














Collimator 


Detector 


Fig. 2. A standard arrangement for x-ray fluorescence analysis. 





Pulse 
analyzer 


























X-ray tube 
Filters 
Pit 
/ Pulse 
analyzer 
' 
| 
Proportional Proportional 
counter | counter 


Specimen 


Fig. 3. Arrangement for nondispersive x-ray fluorescence analysis. 
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Fig. 4. Sections from a malignant prostate. 


thin sections, “matrix effects” (that is, 
attenuation and self-excitation in the 
specimen) are negligible. Consequently 
nondispersive x-ray fluorescence analy- 
sis is quite practical for a number of 
histological studies. 

For nondispersive work the detector 
should be a_ proportional counter 
coupled to a pulse-height selector. For 
each element, the proportional counter 
produces electrical pulses of an average 
height proportional to the characteristic 
X-ray quantum energy, so that the 
selector can be set to respond to one 
element while discriminating against 
all others. The rejection is not perfect 
but is adequate for many biological 
Studies. 

The proportional counter is least 
successful in discriminating between 
x-rays from elements that are adjacent 
in the periodic table. Here filters may 
be especially helpful, since, through a 
large part of the periodic table, a filter 
of atomic number Z—2 will absorb ra- 
diation from element Z much more 
strongly than it will absorb radiation 
from Z—1. With two counters and one 
filter (Fig. 3), adjacent elements may 
be resolved. 

It is also necessary to simplify the 
spectrum of the x-rays incident on the 
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(Left) Stained after x-ray analysis; (right) stained immediately after sectioning. (x 100) 


specimens, since the instrumental back- 
ground is due largely to the electro- 
magnetic scattering of these x-rays into 
the detector. Such scattering occurs 
with virtually no change in wavelength. 
In the biological study described below, 
the radiation leaving the x-ray tube was 
filtered to remove almost all intensity 
at wavelengths near the characteristic 
lines of the element of interest. Later 
I discuss briefly an inherently superior 
method for producing clean exciting 
spectra, the “secondary radiator” meth- 
od, application of which has been de- 
layed because of certain technical 
problems. 

Extremely thin and clean specimen 
supports are essential for histological 
analyses. Many specimens yield only. 
a few hundred registered quanta from 
the element of interest during a 10- 
minute run. Even the widely used % -mil 
Mylar film would produce an intoler- 
able background. In this laboratory, 
specimens are mounted on “home-made” 
single-layer nylon films approximately 
0.01 mil thick. 

The low-concentration limit, both 
for dispersive and for nondispersive 
systems, depends on backgrounds arising 
from scattered quanta (unless element 
interference intrudes, in the nondis- 


persive case). With pulse-height selec- 
tion, cleansed exciting spectra and thin 
specimen supports, background is re- 
markably reduced. Under such condi- 
tions, in a typical nondispersive analy- 
sis the counting rates from an element 
of interest and from background may be 
equal at a concentration of approxi- 
mately 20 parts per million in a dried 
biological specimen, which is equivalent 
to 4 or 5 parts per million before dry- 
ing in most soft tissues. This compares 
quite favorably with the signal-to-back- 
ground ratio for dispersive systems un- 
der their usual operating conditions. 

The mediocre resolving power of a 
nondispersive system makes it poorly 
suited for scanning for a large number 
of elements in a given specimen and 
prohibits certain assays entirely. For 
example, nondispersive x-ray fluores- 
cence studies of cobalt in unprocessed 
tissues will probably never be feasible 
because cobalt occurs in much lower 
concentration than iron and copper, 
which are close to it in atomic number. 
As I hope to illustrate below, a non- 
dispersive system can make a special 
contribution to an intensive study of 
a single element, with instrument filtra- 
tion and excitation appropriately tai- 
lored to the element of interest. 
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Operational Aspects of One 


Nondispersive Analytical System 


Analysts will be interested in certain 
features of histological x-ray assay, as 
practiced in this laboratory. 

To calibrate, one sets a pulse-height 
selector to count the pulses produced 
by an element of interest. A second 
selector simultaneously monitors the 
main x-ray line in the exciting radia- 
tion. This line is scattered into the de- 
tector with an intensity proportional to 
the mass of the specimen. For thin 
specimens the ratio 


_counts from fluorescing element 


counts from scattered exciting line 


is independent of specimen size. Further- 
more, because carbon, nitrogen, oxygen, 
and all soft biological tissues scatter 
with virtually the same intensity per 
unit mass at the wavelengths in ques- 
tion, this ratio is a direct and simple 
index of concentration. All specimens 
lacking the element of interest will pro- 


the increase over this base-line ratio 
observed in any specimen is linearly 
proportional to the concentration of the 
element of interest. Therefore, calibra- 
tion requires only two samples—a pure 
organic spot (sucrose, in our studies) 
and a similar spot with a known en- 
richment of the element of interest. 

Specimens are assayed dry, in a 
vacuum. Drying reduces the mass of 
most soft biological materials by a 
factor of 4 or more, and the corre- 
sponding reduction in scattered back- 
ground is very important for low- 
concentration work. There is a more 
compelling reason for assaying in a 
vacuum: at atmospheric pressure the 
air mass in the sensitive volume around 
a thin section would weigh more than 
the specimen itself, and the mass count 
would lose meaning. 

Contamination and displacement haz- 
ards prohibit the use of conventional 
paraffin-sectioning procedures. Sections 
are cut frozen in a cryostat, then 


are transferred directly to the nylon 
support film, pumped dry, and assayed 


concentration can be correlated with 
the microscopic appearance of the speci- 
men either by staining and inspecting 
a neighboring section or by staining 
and inspecting the original section 
after x-ray assay. Specimens transferred 
from the nylon support and stained 
after assay generally appear to be in 
poorer condition than their serial 
counterparts, but they can be used for 
purposes of correlation. (Any damage 
they show is presumably not from the 
x-ray beam but from handling and from 
the delays before drying and staining.) 
To be able to inspect an assayed sec- 
tion, rather than a neighboring section, 
microscopically is especially valuable 
when an assay shows a surprising re- 
sult and contamination is feared. 

In our procedures, contamination 
hazards from reagents and containers 
are slight because these are used very 
little. Special sources of contamination 
must be identified and removed. A 
glass tool should be used to transfer 
sections from microtome knife to nylon 
film; the more common camel’s-hair 
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Fig. 5 + (left) Section from a malignant prostate. Fig. 6 (right). nora from a malignant prostate. (about x 78) 
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posit more of an element of interest 
than is contained in a tissue section. 
The cryostat operator’s sheepskin gloves 
must be sheathed in plastic to eliminate 
microscopic shedding. Good technique 
of a more conventional kind is needed 
to make adequately clean nylon films. 
But in general the simplicity of speci- 
men processing makes contamination 
less of a problem than one might expect 
with specimens containing 10° to 10° 
gram of an element of interest. 


Zinc in Prostatic Tissue 


Results obtainable through nondis- 
persive analysis are well illustrated by 
a study that is now in progress, involv- 
ing prostatic tissue and the element 
zinc. 

In several mammalian species the 
concentration of zinc in the prostate 
gland is about 10 times higher than it 
is in most soft tissues. Some urologists 
have wondered if malignancy or benign 
enlargement of the human _ prostate 
gland could be controlled by injecting 
a zinc-complexing agent. In a recent 
study (/3) initiated by the urology sec- 
tion at the Sloan-Kettering Institute 
it was shown that dramatic selective 
effects occur in the canine prostate 
after injection of the zinc-complexing 
compound diphenylthiocarbazone (di- 
thizone). The effect seems to depend 
strongiy on the concentration of zinc 
in the tissue. Therefore it became im- 
portant to determine the zinc levels 
prevailing in malignant human _ pros- 
tatic tissue, in order to judge the pros- 
pects for clinical response to a metal 
binder. 

It has been known for some time 
that the mean zinc concentration is 
much lower in malignant prostates than 
in healthy ones (/4). This fact does not 
necessarily imply a lowered zinc level 
in the malignant epithelial cells them- 
selves, especially since malignant pros- 
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tates may contain relatively little epi- 
thelium. Histochemical staining (/5) 
indicates lowered zinc levels in the ma- 
lignant cells themselves, but this method 
is not quantitative. A small drop in con- 
centration or even changes in perme- 
ability can cause a large loss in stain- 
ing intensity. The most conclusive data 
yet published show a correlation be- 
tween element content and histological 
and pathological condition in small 
pieces of tissue (/6). In collaboration 
with G. Randolph Schrodt of the path- 
ology division and with the urology 
section at the Sloan-Kettering Institute, 
my co-workers and I are trying to 
sharpen this correlation by a series of 
zinc assays in individual prostate tissue 
sections. 

Figure 4 shows malignant prostatic 
biopsy material from a patient who has 
had conventional estrogen therapy (the 
two halves of the figure demonstrate 
the nondestructive nature of the fluo- 
rescence analysis). The average zinc 
concentration in the assayed 10-micron 
section was 0.17 + 0.02 milligram per 
gram of dried tissue, a relatively low 
value typical for prostatic tissue after 
estrogen treatment or castration. 

Figure 5 shows malignant prostatic 
biopsy material from an untreated pa- 
tient. The average zinc concentration 
in this rather well differentiated 10- 
micron section was 0.42 + 0.04 milli- 
gram per gram of dried tissue, only 
about half the average value for the 
normal human prostate but consider- 





ably higher than the average for most 
(estrogen-treated) prostatic cancers. 

Figure 6 shows dedifferentiated ma- 
lignant, highly epithelial biopsy mate- 
rial from a patient with untreated pros- 
tatic cancer. The average zinc concen- 
tration for the adjacent (histologically 
very similar) 10-micron section was 
0.43 + 0.04 milligram per. gram of 
dried tissue. Since our observations and 
those of others have shown that zinc 
in prostatic tissue is concentrated in 
the epithelial cells, and since the sec- 
tion shown in Fig. 6 is much more 
epithelial than that shown in Fig. 5, it 
appears that the zinc concentration in 
the malignant cells is much lower in 
the tissue of Fig. 6 than in that of 
Fig. 5. 

Figures 4 to 6, selected from a de- 
veloping series, are shown here solely 


to exemplify an experimental approach. — 


I draw no biological conclusions at this 
point. We believe that nondispersive 
x-ray analysis of tissue sections, as illus- 
trated, will increase our knowledge of 
the zinc concentrations prevalent in 
malignant prostatic cells and tissues. 


Biological Potential of Methods 


Related to X-ray Fluorescence 


Time has yet to establish the scope of 
applications in biology of several mod- 
ern methods of x-ray analysis for 
chemical elements. 

In microradiographs of thin tissue 
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sections, resolutions of 1 micron or 
better may be achieved. The distribu- 
tion of an element within a section may 
be displayed in contrasting microradio- 
graphs, produced successively with 
x-ray wavelengths on the highly absorb- 
ing and the less highly absorbing sides 
of that element’s critical absorption 
edge (17). Only a few elements in a 
few tissues are concentrated highly 
enough to be studied in this way (/8). 
The technique can be very informative 
wherever it is applicable. 

The outstanding recent development 
in x-ray analysis for chemical elements 
is the electron-probe microanalyzer in- 
troduced by Castaing and Guinier (/9). 
Here the x-ray tube of a fluoresence 
system is replaced by an electron beam 
focused onto a specimen spot of the 
order of 1 micron in diameter (Fig. 7). 
The microarea under analysis at any 
moment can be viewed with a built-in 
microscope. By moving the specimen 
or scanning with the electron beam, 
one may map the distribution of an 
element over the specimen surface. 
Amounts of elements as low as 10™ 
gram may be measurable (20). This in- 
strumental approach has proved so val- 
uable in metallurgy that several com- 
mercial versions are now available, 
some costing more than $100,000. Bio- 
logical applications involve special prob- 
lems: specimen lability, matrix-effect 
complications, limitations in measur- 
able concentration and in the micro- 
scopy of the unstained specimens, and 
the fact that in the small volumes most 
efficiently analyzed by the device there 
may not be even 10 gram of an ele- 
ment of interest. Hence the role of the 
electron-probe microanalyzer in biology 
is still to be established. 

Several instruments are based on 
the principle of the “point” x-ray 
sources which can be produced with 
electron microbeams (20). Such a 
source has been used with the absorp- 
tion-edge method to measure 10°” to 
10" gram of an element (usually cal- 
cium) in selected areas of biological 
specimens, 2 to 10 microns in diameter 
(27). Recently a similar source has 
been used. in a fluorescence arrange- 
ment for measuring concentrations 
down to about 10™ gram in similar 
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microareas (22). The range of bio- 
logical applications for these instru- 
ments is not yet defined. 

In nondispersive analysis, “secondary 
radiators” should be very useful (Fig. 8). 
The output from a secondary radiator 
consists almost entirely of the few char- 
acteristic x-ray lines of the radiator ele- 
ment, with very little continuous-spec- 
trum background. Proper choice of the 
radiator element can give an exciting 
spectrum that is both very efficient for 
a particular element of interest and 
very low in background near that ele- 
ment’s wavelength. The potential of 
secondary-radiator devices was recog- 
nized several years ago (23) and ex- 
plored in theoretical and pilot studies 
(1, 24). The realization of this poten- 
tial has been delayed by problems of 
electron trajectories in the unconven- 
tional geometry of a secondary-radia- 
tor x-ray tube. It is hoped that a unit 
now under development in this labora- 
tory will extend the list of measurable 
elements well beyond the limits imposed 
by the nondispersive system described 
here. 


Summary 


Our efforts to understand the im- 
portant biological roles of many “mi- 
nor” elements are limited by the capa- 
bilities of the existing instruments. 
X-ray fluorescence analysis is not the 
most sensitive method for the assay of 
minor elements, but it is the instru- 
mental technique of choice both for 
certain clinical studies and for certain 
research problems. The technique will 
be more widely used as it becomes 
more widely known (25). 
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The Psychology of 


the Scientist 


A definite personality pattern, encompassing a wide 


range of traits, characterizes the creative scientist. 


Science is the creation of scientists, 
and every scientific advance bears some- 
how the mark of the man who made it. 
The artist exposes himself in his work; 
the scientist seems rather to hide in his, 
but he is there. Surely the historian of 
science must understand the man if he 
is fully to understand the progress of 
science, and he must have some com- 
prehension of the science if he is to 
understand the men who make it. 

The general public image of the sci- 
entist has not been and indeed is not 
now a flattering one, and at best it cer- 
tainly is not an endearing one. Charac- 
terizations of scientists almost always 
emphasize the objectivity of their work 
and describe their cold, detached, im- 
passive, unconcerned observation of 
phenomena which have no emotional 
meaning for them. This could hardly 
be further from the truth. The scientist 
as a person is a nonparticipating ob- 
server in only a very limited sense. He 
does not interact with what he is ob- 
serving, but he does participate as a 
person. It is, perhaps, this fact—that 
the scientist does not expect, indeed 
does not want, the things that he is 
concerned with to be equally concerned 
with him—that has given others this 
impression of coldness, remoteness, and 
objectivity. (The social scientist is in a 
remarkably difficult position since the 
“objects with which he is concerned” 
are people, and both they and he may 
be more than a little ambivalent about 
this matter of interaction. But this is a 
special problem which I will by-pass 
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here, noting only that in many ways the 
social scientist differs from the natural 
scientist in terms of personality and 
motivations. ) 

The truth of the matter is that the 
creative scientist, whatever his field, is 
very deeply involved emotionally and 
personally in his work, and that he 
himself is his own most essential tool. 
We must consider both the subjectivity 
of science and what kinds of people 
scientists are. 


The Personal Factor 


But first we must consider the proc- 
esses of science. Suppose we take the 
scientist at the time when he has asked 
a question, or has set up a hypothesis 
which he wants to test. He must decide 
what observations to make. It is simply 
not possible to observe everything that 
goes on under a given set of conditions; 
he must choose what to observe, what 
measurements to make, how fine these 
measurements are to be, how to record 
them. These choices are never dictated 
entirely by the question or hypothesis 
(and anyway, that too bears his own 
particular stamp). One has only to con- 
sider how differently several of his col- 
leagues would go about testing the same 
hypothesis to see that personal choice 
enters in here. 

But this is just the beginning. Having 
decided what is to be observed, and 
having set up the techniques for ob- 
serving, the scientist comes to the point 
of making the actual observations, and 
of recording these observations. All the 
complex apparatus of modern science 
is only a means of extending the range 
of man’s sensory and perceptual capac- 





ities, and all the information derived 
through such extensions must eventual- 
ly be reduced to some form in which 
man, with his biological limitations, 
can receive it. Here, too, in spite of all 
precautions and in spite of complete 
honesty, the personal factor enters in. 
The records of two observers will not 
dovetail exactly, even when they read 
figures from a dial. Errors may creep 
in, and the direction of the error is 
more likely than not to be associated 
with the observer’s interest in how the 
findings come out. Perhaps the clearest 
evidence on this point comes from re- 
search on extrasensory perception. A 
scientist who is deeply committed to a 
hypothesis is well advised to have a 
neutral observer if the import of an 
observation is immediately apparent. 
Often, of course, such errors are minor, 
but they can be important, not only to 
the immediate problem but to society. 
I have wondered to what extent the dis- 
parity in figures on radioactive fallout 
may reflect such factors. Very few sci- 
entists, including psychologists, who 
have demonstrated ‘selective perception 
as a laboratory exercise, take account of 
the phenomenon in their own work. 

Once the observations are recorded, 
other questions are asked: When is the 
evidence sufficient to be conclusive, one 
way or the other? How important are 
discrepancies? What degree of general- 
ization is permissible? Here, again, we 
may expect personally slanted answers. 
Taxonomy offers a very clear illustra- 
tion of the effect of personality: One 
biologist may classify a given set of 
specimens into a few species, and an- 
other may classify them into many 
species. Whether the specimens are seen 
as representing a few or many groups 
depends largely on whether one looks 
for similarities or for differences, on 
whether one looks at the forest or the 
trees. A “lumper” may honestly find it 
impossible to understand how a “split- 
ter” arrives at such an obviously incor- 
rect solution, and vice versa. Such 
differences cannot be resolved by ap- 
peal to the “facts’—there are no facts 
which cannot be perceived in different 
ways. This is not to say that the facts 
are necessarily distorted. The problem 
of the criterion exists in all science, 
although some scientists are more aware 
of it than others. 

The matter of personal commitment 
to a hypothesis is one that deserves 
more consideration than it usually re- 
ceives. Any man who has gone through 
the emotional process of developing a 
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new idea, of constructing a new hy- 
pothesis, is to some extent, and usually 
to a large extent, committed to that 
hypothesis in a very real sense. It is his 
baby. It is as much his creation as a 
painting is the personal creation of the 
painter. True, in the long run it stands 
or falls, is accepted or rejected, on its 
own merits, but its creator has a per- 
sonal stake in it. The scientist has more 
at stake than the artist, for data which 
may support or invalidate his hypoth- 
esis are in the public domain in a sense 
in which art criticism never is. It may 
even be because of this that scientists 
customarily check their hypotheses as 
far as they can before they state them 
publicly. And, indeed, the experienced 
scientist continues to check, hoping that 
if errors are to be found, it will be he 
who finds them, so that he will have a 
chance to make revisions, or even to 
discard the hypothesis, should that 
prove necessary. He finds it less difficult 
to discard his hypothesis if, in his ef- 
forts at checking, he has been able to 
come up with another one. 

The extent of personal commitment 
to a hypothesis is a prominent factor in 
the historical interplay between scien- 
tists. The degree of this commitment 
varies in an individual with different 
hypotheses, and varies between individ- 
uals. One very important factor here is 
the scientist’s productivity. If he has 
many new ideas he will be less dis- 
turbed (and less defensive) if one fails 
to pan out. If he has very few ideas, 
an error is much harder to take, and 
there are many historical instances of 
errors which the author of the idea has 
never been able to see himself. I think 
many scientists are genuinely unaware 
of the extent, or even of the fact, of 
this personal involvement, and them- 
selves accept the myth of impersonal 
objectivity. This is really very unfor- 
tunate. It is true that only a man who 
is passionately involved in his work is 
likely to make important contributions, 
but the committed man who knows he 
is committed and can come to terms 
with this fact has a good chance of get- 
ting beyond his commitment and of 
learning how to disassociate himself 
from his idea when this is necessary. 
There is little in the traditional educa- 
tion of scientists to prepare them for 
this necessity, and there are many who 
are still unaware of it. The extent of a 
scientist’s personal involvement in a 
theory can now be a matter of grave 
public concern. Scientists who become 
advisers on political or other policy 
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have an extraordinarily heavy respon- 
sibility for achieving some detachment 
from their own theories. How many of 
them realize this? 

But once one hypothesis is found ac- 
ceptable, this is not the end of it. One 
hypothesis inevitably leads to another; 
answering one question makes it pos- 
sible to ask other, hopefully more pre- 
cise ones. And so a new hypothesis or 
a new theory is offered. How is this 
new theory arrived at? This is one ex- 
pression of the creative process, and it 
is a completely personal process. It is 
personal regardless of whether one or 
more individuals is involved, for in 
every advance made by a group, the 
person contributing at the moment has 
had to assimilate the contributions of 
the others and order them in his own 
personal way. 


The Creative Process 


There have been many millions of 
words written about the creative proc- 
ess, few of them very illuminating. The 
reason is not hard to find. The process 
is intimate and personal and charac- 
teristically takes place not at the level 
of full consciousness but at subcon- 
scious or preconscious levels. It has 
been inaccessible to study largely be- 
cause we have not yet found any means 
for controlling it. Many effective sci- 
entists and artists have learned a few 
techniques which may reduce interfer- 
ence with it, but no one to my knowl- 
edge has discovered any means by 
which he can set it in motion at will. 

It is probable that the fundamentals 
of the creative process are the same in 
all fields,-but in those fields in which 
an advance in knowledge is sought, 
there is an additional requirement—or 
rather, one requirement receives par- 
ticular emphasis. This is the need for 
a large store of knowledge and experi- 
ence. The broader the scientist’s ex- 
perience and the more extensive his 
stock of knowledge, the greater the pos- 
sibility of a real breakthrough. 

The creative process involves a scan- 
ning or searching through stocks of 
stored memories. There seems to be a 
rather sharp limit to the possibility of 
very significant advance. through vol- 
untary, logical scanning of these stores. 
For one thing, they vary enormously in 
their accessibility to conscious recall 
and in the specificity of their connec- 
tions, so that reliance upon conscious, 
orderly, logical thinking is not likely to 


produce many results at this stage, how- 
ever essential such procedures become 
later in verification. This scanning is 
typically for patterns and complex as- 
sociations rather than for isolated units. 
It may be, however, that a small unit 
acts as a sort of key to a pattern. What 
seems to happen, in creative efforts in 
science as well as in every other field, 
is that the individual enters a state in 
which logical thinking is submerged 
and in which thought is prelogical. Such 
thought is described as random largely 
because it typically tries seemingly il- 
logical and distantly related materials, 
and it often makes major advances in 
just this way. It is not fully random, 
however, because it is goal-directed 
and because even in this preconscious 
work there is appropriate selection and 
rejection of available connections. This 
stage of the creative process is accom- 
panied by generally confused or vague 
states of preoccupation of varying de- 
grees of depth; it is well described as 
“stewing.” It is this stage which appar- 
ently cannot be hurried or controlled. 
Although termination of this stage 
(finding a solution, or “getting insight,” 
as it is often called) quite frequently 
occurs in a moment of dispersed atten- 
tion, it apparently does not help to in- 
duce a state of dispersed attention in 
the hope of provoking a quicker end to 
the process. It should be added that, 
while insighis do frequently occur “in 
a flash,” they need not do so, and that 
the process is the same whether or not 
the insight turns out to have validity. 
To acquire the necessary store of 
knowledge requires long and difficult 
application, and as science advances, 
the amount of information to be assimi- 
lated becomes greater and greater, de- 
spite increasing generalization in the 
organizing of the data. Obviously, as 
more experience is stored and as the 
interconnections become better estab- 
lished and more numerous, the scanning 
becomes more effective. Such intercon- 
nections develop more and more readily 
as the process of acquiring experience 
takes on significance in the light of 
theory. This process requires not only 
the basic capacity to assimilate experi- 
ences but very strong motivation to 
persist in the effort. Strong motivation 
is also required if one is to continue 
with a search which may for a long 
time be unproductive. Muitivation of 
this kind and strength derives from the 
needs and structure of the personality. 
Its sources are rarely obvious, although 
they can sometimes be traced. They do 
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not necessarily derive from “neurotic 
problems,” although they frequently do. 
It is no cause for dismay when they do. 
The ability of the human being to find 
in a personal problem motivation for a 
search for truth is one of the major 
accomplishments of the species. 

If past experiences have brought 
about a compartmentalization of the 
storage areas, so that some portions are 
partially or wholly inaccessible, ob- 
viously the scientist is limited in his 
search. Compartmentalization of partic- 
ular areas may result from personal 
experiences of a sort that lead to 
neurotic structures generally, or it may 
result from specific cultural restrictions, 
such as political or religious indoctrina- 
tion. The extent to which such indoctri- 
nation will inhibit creative effort, how- 
ever, depends upon how close the in- 
accessible areas are in content to the 
problems at issue. We have fairly con- 
clusive evidence that political indoctri- 
nation need not interfere with inquiry 
into mathematical and physical science. 
Religious indoctrination can interfere 
strongly at any point, as history has 
documented very fully for us. The con- 
clusion is no different from the basic 
principle of therapy: the more areas of 
experience there are accessible to con- 
scious and preconscious thought, the 
better are the prospects for creativity. 

Once an apparent answer to the sci- 
entist’s question has been found, there 
is still a long process of pursuing and 
checking to be gone through. Not every 
man who can produce new ideas is also 
good at the business of checking them, 
and of course the reverse is also true. 
It is in the utilization of such personal 
differences as these that a “team ap- 
proach” can make sense. 


The Creative Scientist 


This, then, is a brief review of what 
little we know of the process of crea- 
tion. What do we know of the char- 
acteristics of scientists who can use this 
process effectively? Many lines of in- 
quiry have demonstrated that the range 
of characteristics that are associated 
with creative productivity in a human 
being is very wide. These characteristics 
fall into almost all categories into 
which personal traits have been divided 
for purposes of study—abilities, inter- 
ests, drives, temperament, and so on. 

To limit our discussion to scientific 
productivity, it is clear to start with 
that there are great variations in the 
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amount of curiosity possessed by dif- 
ferent people. Curiosity appears to be 
a basic drive. I suspect it may vary 
consistently with sex, on either a biolog- 
ical or a cultural basis,.but we have as 
yet no idea how to measure such drives. 
No one becomes a scientist without a 
better-than-average amount of curios- 
ity, regardless of whether he was born 
with it, was brought up in a stimulating 
environment, or just did not have it 
severely inhibited. 

Intelligence and creativity are not 
identical, but intelligence does play a 
role in scientific creativity—rather more 
than it may play in some other forms 
of creativity. In general, one may sum- 
marize by saying that the minimum in- 
telligence required for creative produc- 
tion in science is considerably better 
than average, but that, given this, other 
variables contribute more to variance 
in performance, It must also be noted 
that special abilities (numerical, spatial, 
verbal, and so on) play somewhat dif- 
ferent roles in different scientific fields, 
but that ability must in no case be 
below average. A cultural anthropolo- 
gist, for example, has little need for 
great facility with numbers. An experi- 
mental physicist, on the other hand, 
does require facility with numbers, al- 
though he need not have great facility 
with words. 


Personality Patterns 


A number of studies have contributed 
to the picture of the personality patterns 
of productive scientists, and it is rather 
striking that quite different kinds of 
investigations have produced closely 
similar results. These can be briefly 
summarized in six different groups, as 
follows: 

1) Truly creative scientists seek ex- 
perience and action and are independ- 
ent and self-sufficient with regard to 
perception, cognition, and_ behavior. 
These findings have been expressed 
in various studies in such terms as the 
following: they are more observant 
than others and value this quality; they 
are more independent with respect to 
cognition and value judgments; they 
have high dominance; they have high 
autonomy; they are Bohemian or radi- 
cal; they are not subject to group stand- 
ards and control; they are highly ego- 
centric. 

2) They have a preference for ap- 
parent but resolvable disorder and for 
an esthetic ordering of forms of experi- 





ence. They have high tolerance for 
ambiguity, but they also like to put an 
end to it in their own way—and in 
their own time. 

3) They have strong egos (whether 
this derives from or is responsible for 
their independence and their tolerance 
for ambiguity is a moot question). This 
ego strength permits them to regress to 
preconscious states with certainty that 
they will return from these states. They 
have less compulsive superegos than 
others. They are capable of disciplined 
management of means leading to sig- 
nificant experience. They have no feel- 
ing of guilt about the independence of 
thought and action mentioned above. 
They have strong control of their im- 
pulses. 

4) Their interpersonal relations are 
generally of low intensity. They are re- 
ported to be ungregarious, not talkative 


(this does not apply to social scientists), . 


and rather asocial. There is an apparent 
tendency to femininity in highly origi- 
nal men, and to masculinity in highly 
original women, but this may be a 
cultural interpretation of the generally 
increased sensitivity of the men and the 
intellectual capacity and interests of the 
women. They dislike interpersonal con- 
troversy in any form and are especially 
sensitive to interpersonal aggression. 

5) They show much stronger pre- 
occupation with things and ideas than 
with people. They dislike introversive 
and _affect-associated preoccupations, 
except in connection with their own 
research. 

6) They like to take the calculated 
risk, but it must involve nature, not 
people, and must not depend on simple 
luck. 


Conclusions 


How do these personality character- 
istics relate to the creative process in 
science as I have discussed it? An open 
attitude toward experience makes pos- 
sible accumulation of experience with 
relatively little compartmentalization; 
independence of perception, cognition, 
and behavior permit greater than aver- 
age reordering of this accumulated ex- 
perience (the behavioral eccentricities 
so often noted are consistent with this). 
The strong liking for turning disorder 
into order carries such individuals 
through the searching period which 
their tolerance for ambiguity permits 
them to enter. The strong egos, as noted, 
permit regression to prelogical forms 
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of thought without serious fear of 
failure to get back to logical ones. 
Preoccupation with things and ideas 
rather than with people is obviously 
characteristic of natural scientists, and 
even of some social scientists. This 
characteristic is not directly related to 
creativity, I think, but rather to the 
content of it. 

I need not add that such statements 


Science 


The School Bill: As Usual It Is in 
Trouble; Notes on Disarmament, 
Satellites and Radio Astronomy 


It was generally reported last week, 
for the fourth time during the congres- 
sional session, that the school bill was 
dead, and the outlook for supporters of 
the bill was indeed even dimmer than 
usual. The remarkable event that trig- 
gered the latest batch of dismal reports 
was the decision of Senators Morse and 
Hill, chairmen respectively of the Sen- 
ate subcommittee on education and of 
the full Senate Committee on Labor and 
Public Welfare, to sponsor a separate 
bill for the extension of school aid to 
the impacted areas. 

(The impacted areas program pro- 
vides grants in lieu of taxes to school 
districts containing substantial tax-free 
government property. Three out of four 
Congressmen and all Senators have im- 
pacted areas within their constituencies. 
The program expired in June, and one 
of the few things that can be said with 
absolute certainty about Congress is 
that it is not going to go home and face 
the voters without renewing aid for 
impacted areas.) 

The principal hope for the immensely 
controversial general school bill was to 
tie it to the immensely popular exten- 
sion of the impacted areas program; 
and the fact that two of the leading 
Democratic supporters of school aid 
were sponsoring a separate impacted 
areas bill suggested that the Democrats 
were throwing in the towel. 

For all this, the latest reports of the 
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as these are generalizations and that 
any individual case may be an excep- 
tion. We may go farther, however, and 
generalize differences among men who 
follow different branches of science. 
That a man chooses to become a sci- 
entist and succeeds means that he has 
the temperament and personality as 
well as the ability and opportunity to 
do so. The branch of science he 


and the News 


demise of Kennedy’s program, like the 
earlier ones, have been, at the least, pre- 
mature. Welfare Secretary Ribicoff in- 
sists that the Administration is not giv- 
ing up on the bill “until the last gavel 
falls,” as he put it, and the last gavel, 
announcing the end of the congression- 
al session, is not expected to fall for 
another month, during which time the 
Administration has considerable room 
for maneuvering. 

What was, and remains, necessary 
for general school aid to be forced 
through the reluctant House was ag- 
gressive lobbying from the White 
House. This required a delay of a show- 
down on education until after the for- 
eign aid bill had cleared Congress for 
the President’s signature. The two 
Houses were expected to have passed 
their respective versions of the foreign 
aid bill this week, and a compromise 
version, worked out by a House-Senate 
conference, may be ready for a final 
vote next week. The way will then be 
clear for the President to move on edu- 
cation, although the White House has 
as yet made no public commitments on 
what, if anything, the President will do 
to break the log jam in the House of 
Representatives, where the whole Ad- 
ministration education program — 
school aid, National Defense Educa- 
tion Act extension, and aid to colleges 
—has been blocked in the Rules Com- 
mittee. 

The Morse-Hill move in the Senate 
last week was intended mainly to as- 
sure that, if the school bill failed this 
year, the aid to impacted areas would 


chooses, even the specific problems he 
chooses and the way he works on them, 
are intimately related to what he is and 
to his deepest needs. The more deeply 
engaged he is, the more profoundly is 
this true. To understand what he does, 
One must try to know what his work 
means to him. The chances are that he 
does not know or care to know. Indeed, 
he does not need to know. We do. 


receive only a l-year, rather than its 
usual 3-year, extension, thus making it 
possible next year to make another at- 
tempt at forcing through general aid to 
schools by tying it to extension of im- 
pacted areas aid. The Senate action had 
the incidental effect of warning the 
quite large bloc of fence-sitters in the 
House, who would prefer not to have 
to vote either way on the delicate issue 
of general aid, that if the House failed 
to face the issue this year, it would 
probably have to face it next year, an 
election year. 

Meanwhile, responsible Administra- 
tion aides have been hinting that the 
President might veto even a 1-year ex- 
tension of impacted areas aid if that is 
all that gets through Congress. This, 
together with the accompanying mes- 
sage explaining why the bill was vetoed, 
would be the most dramatic possible 
way of focusing the nation’s attention 
on the education program, and particu- 
larly on the failure of the House even 
to face the issue and vote the program 
up or down. 

But this would be a politically dras- 
tic as well as a dramatic step, for the 
pressure to renew impacted areas aid 
is great enough to assure eventual pass- 
age, if necessary over the President’s 
veto. If a veto, and the accompanying 
furor, forces the House to act on the 
broader education program, it will be 
a great victory for the Administration, 
but if it fails to force broader House 
action, and impacted areas aid only is 
pushed through, despite the veto, the 
Administration’s defeat will only look 
so much worse. 

What suggests that, barring a change 
of mood in the House, the President 
might take such a risk is that after call- 
ing school aid probably the most im- 
portant piece of domestic legislation, 
and after the brave talk of his aides 
about fighting “until the last gavel 
falls,” he is going to look a little silly 
if he simply takes a complete defeat 
lying down. 
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Disarmament 


On a broader matter, the principal 
American and British negotiators were 
scheduled to return to Geneva next 
week for another try at reaching a test 
ban agreement, but there was no real 
expectation that anything would come 
of the new try. The Russians have re- 
peatedly restated their position, includ- 
ing their insistence on the “troika” prin- 
ciple, with East, West, and neutrals each 
given a veto over the administration of 
the treaty. The Russians insist that they 
are not going to give up the troika 
idea, because their experience in the 
Congo, where, they say, the neutral ad- 
ministrator actually favored the West, 
has convinced them that there is no 
such thing as a neutral man, and that 
if everyone’s interest is going to be safe- 
guarded it must be by giving everyone 
a veto over all administrative decisions. 
The Russians say this will not make 
the inspection system meaningless, since 
if a disturbance meets the criteria for 
an inspectable event, an inspection can- 
not be vetoed. 

The West is unconvinced by such an 
argument; for who decides whether the 
disturbance meets the criteria? The 
troika. Thus the Russians could not veto 
the inspection of a certified suspicious 
event, they could only veto the ad- 
ministrative decision that a given dis- 
turbance is a suspicious event. Beyond 
the specific problem in this case, the 
West is fully against accepting the 
troika principle in any case, for its 
adoption would set a precedent for 
Russian insistence on similar arrange- 
ments for all international organiza- 
tions. The Russian argument, after all, 
is not that some special circumstances 
here require the adoption of the troika, 
but that as a general principle all inter- 
national agencies should be controlled 
by the troika. 

Kennedy said that if Ambassador 
Dean finds no change in the Russian 
position next week, he will be brought 
home again, and the President will then 
make “the appropriate decisions.” But 
there is small likelihood that these “ap- 
propriate decisions” will include a deci- 
sion for a prompt resumption of weap- 
ons testing. As noted here two weeks 
ago, the general world situation makes 
such a decision unlikely in the imme- 
diate future. If, as is- expected, Dean 
gets nowhere with the Russians next 
week, the next major episode will prob- 
ably come at the United Nations Gen- 
eral Assembly meeting, beginning in 
late September, where the United 
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States and Britain have asked for a full 
debate on the test-ban question. 

At that General Assembly meeting 
the United States and Britain will also 
present a Western plan-for general dis- 
armament, intended to counteract the 
unfavorable impression left in recent 
sessions by the American reluctance to 
discuss large-scale disarmament. The 
American plan, now being circulated 
among our allies, apparently will not 
only contain the traditional stress on 
adequate controls but, more strongly 
than has been done in the past, will 
build a case for the need for effective 
means of settling international disputes 
peacefully as a prerequisite for any real- 
istic hope of general disarmament. The 
effort will apparently be to show, with 
the frustrating course of the test-ban 
negotiation as an example, how the 
Russians talk enthusiastically in general 
terms of disarmament but, when it 
comes to specific arrangements, are ex- 
tremely reluctant to accept any proposal 
that would limit their freedom of ac- 
tion, even though the acceptance of 
such limitations is a necessary condi- 
tion of getting anything done on dis- 
armament. It is apparently in this con- 
text, of preparing for the U.N. debate, 
rather than in a context of preparing 
for a prompt resumption of testing, 
that Dean is being sent back to Geneva 
next week. 

In line with this preparation for the 
U.N. debate, the Administration has 
apparently decided to press Congress 
for approval of Kennedy’s proposal for 
an expanded United States Disarma- 
ment Agency, rather than let the pro- 
posal lie over until the next session 
when it can be given more leisurely 
consideration. The Senate Foreign Re- 
tations Committee held hearings on the 
bill this week, and the House Foreign 
Affairs Committee is expected to follow 
suit. Except for the Goldwater wing in 
Congress, which numbers perhaps 10 
members in the Senate and perhaps 60 
members in the House, there is no real 
opposition to Kennedy’s proposal. Mem- 
bers who are likely to oppose the bill 
are far outnumbered in both Houses, 
and if the President insists, as he 
apparently is doing, that it is important 
to pass the bill promptly, there seems 
to be no important obstacle to getting 
it through. John McCloy, the president’s 
chief adviser on disarmament, met with 
the Senate Republican policy commit- 
tee last week; afterwards the Republi- 
can leader, Senator Dirksen, announced 
that he thought most Republicans were 
“ready to go along with the general 


outlines” of the Administration bill and 
that there was no disagreement among 
Republicans with the stand that some- 
thing had to be done to get disarma- 
ment on its feet. Representative Hal- 
leck, the House leader, has as yet made 
no public. statement, but there is no 
likelihood that he would oppose the bill. 


Needles 


On a far simpler matter, the federal 
Space Council, part of the Executive 
Office of the President, has issued a re- 
port assuring astronomers that the Air 
Force project to put in orbit a band of 
fine copper wires will have no significant 
effect on astronomical observations, and 
that no larger-scale project will be au- 
thorized until the results of the first 
test can be evaluated, or without con- 
sulting with American and foreign as- . 
tronomers. A mild furor had developed 
over the project, from the concern of 
astronomers that the globe-circling belt 
of wires would interfere with radio and 
optical astronomical observations. 

The project was originally called 
Project Needles, an apparently too 
evocative description of the 35 million 
bits of fine wire that would be put in 
orbit. Their total weight would be about 
75 pounds. The project is now called 
“West Ford,” after the location of the 
largely Air Force financed M.L.T. Lin- 
coln Laboratory (Westford, Mass.), 
where the experiment was conceived. 

The purpose of the experiment is to 
seek confirmation of theoretical predic- 
tions that such a belt of fine wires, each 
about 0.7 of an inch long, the proper 
length to reflect radio frequencies in 
the 8000-megacycle range, could be 
used as an artificial ionosphere to make 
possible long-range communication at 
such frequencies. Without the belt, long- 
range communication at ultrahigh fre- 
quencies is impossible beyond the hori- 
zon, since signals of such short wave- 
length simply pass through the iono- 
sphere, instead of being reflected back 
to earth. The two practical advantages 
that are seen from such a system are 
that (i) it would broaden the range of 
frequencies that could be used for long- 
range communication and so relieve the 
crowded traffic in the conventional fre- 
quencies used for international com- 
munication, and (ii) the artificial reflect- 
ing band could be a more reliable 
means of long-range communication 
than the actual ionosphere, which makes 
radio communication susceptible to 
sharp variation and occasionally to 
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blackouts due to sunspot activity affect- 
ing the ionosphere. 

The astronomers were concerned that, 
in addition to reflecting radio waves 
back to earth, the wire band would re- 
flect radio waves from the stars away 
from the earth, and so interfere with 
radio astronomy. To a lesser extent the 
astronomers were concerned that the 
band should interfere with optical as- 
tronomy. The Space Science Board of 
the National Academy of Sciences was 
informed of the project by the Lincoln 
Laboratory in the fall of 1959 and con- 
cluded, after a study completed in June 
1960, that the exploratory test would 
have no harmful effects on any branch 
of science, since the effect on radio 
waves from space reaching the earth 
would be a matter of a very few parts 
per million, and would be barely de- 
tectable, and then only because the as- 
tronomers would know just where to 
look for it. But the Space Science 
Board also concluded that there was 
justifiable cause for concern over the 
effects that might be produced if the 
much larger band needed for an opera- 
tional system were put up after a suc- 
cessful pilot experiment. 

The NAS Space Science Board gen- 
erally allayed the astronomers’ concern 
over the pilot test, but left them with 
their greater concern over the possible 
harmful effects of a fully operational 
system. The significance of the Space 
Council policy statement, which is an 
Official statement of U.S. policy, was 
that it gave the astronomers the assur- 
ance the National Academy could not 
give, that the government would not au- 
thorize the larger follow-up project, or 
satellite projects generally, without full 
consideration of the possible side effects 
of a project on other scientific fields, or 
without giving interested scientists a 
chance to make their views felt ——H.M. 





A new type of fatty substance—a 
phosphate-free plasmalogen—has been 
discovered by a group of Harvard 
chemists. The new substance combines 
properties of the two main types of 
lipid substances known—fats and phos- 
phatides. A variant of a phosphatide, 
in which a fatty acid is replaced by a 
vinyl alcohol, is known as a plasmalo- 
gen. The new substance does not con- 
tain phosphorus, and in this it resem- 
bles the fats; like the plasmalogens, it 
contains vinyl alcohol. 

The newly discovered lipid occurs in 
minute amounts and thus has been 
missed up to now. Beef brain, guinea- 
pig heart, and beef bone marrow con- 
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tain, respectively, 3, 15, and 50 parts 
of the lipid per 10,000 parts of total 
fatty substance. The Harvard chemists 
are now trying to determine the pos- 
sible importance of the lipid in the 
healthy and diseased organism. 


The country’s population center— 
defined by the Census Bureau as that 
point upon which the United States 
would balance, if it were a rigid plain, 
without weight, and if the population 
were evenly distributed and all indi- 
viduals were of equal weight—has been 
officially relocated in a field 6%2 miles 
northwest of Centralia, Illinois. The 
U.S. Coast and Geodetic Survey relo- 
cated the center on the basis of last 
year’s national census. Since the first 
census in 1790, the center of population 
has moved westward 701 miles from its 
original point, 23 miles east of Balti- 
more, Md. 


A “research city” is scheduled to be 
built near Munich, Germany, by 1965. 
The complex of buildings will house 
the Munich Institute for Plasma Phys- 
ics, the Max Planck Society’s working 
group for extraterrestrial research, and 
a number of other research institutes. 
Laboratories, offices, private study 
rooms for individual scientists, a large 
auditorium, a library, workshops, store- 
houses, and a power station will be 
erected in three phases of construction. 
The West German Ministry for Nu- 
clear Energy estimates the cost of the 
project at $20 million. Of this amount 
the West German government will pro- 
vide $17 million; the remaining $3 
million will be contributed by the Eu- 
ropean Atomic Energy Commission. 


The U.S. Post Office has discontinued 
experiments with high-speed electronic 
transmission of mail, after spending 
over $4 million on a test program. In 
the pilot operation, “facsimile mail” 
was transmitted by coaxial cable or 
microwave radio. According to the Post 
Office, several private firms are con- 
ducting similar experiments and the 
government abandoned the program 
rather than be in direct competition 
with them. The test program demon- 
strated, it was announced last fall, that 
mail could be moved between Chicago 
and Washington in 15 seconds. 


Students of engineering and of teach- 
ing, according to Peiping Radio, con- 
stituted more than two-thirds of the 
160,000 graduates who were recently 
awarded diplomas in Red China. 


Announcements 





The following have been appointed 
judges for the 1961 AAAS—Westing- 
house Science Writing Awards [Science 
133, 1909 (1961)]: 

Walter G. Barlow, president of Opin- 
ion Research Corporation, Princeton, 
N.J. 

Norman Cousins, editor of the Satur- 
day Review. 

Geoffrey Edsall, superintendent of 
the Institute of Laboratories, Massa- 
chusetts Department of Public Health. 

Earl English, dean of the University 
of Missouri’s school of journalism. 

Ralph E. McGill, editor of the At- 
lanta Constitution. 

Morris Meister, president of the 
Bronx Community College. 

Deadline for entries: 10 October 
1961. (Graham DuShane, AAAS, 1515 
Massachusetts Ave., NW, Washington 
Jee) 


Russian-speaking physicians, __re- 
searchers, technicians, and adminis- 
trators are being sought as participants 
in the U.S. Information Agency’s medi- 
cal exhibition in the U.S.S.R., scheduled 
to tour three major cities of the Soviet 
Union in 1962. (John Dixon, ICS 
Exhibits Division, U.S. Information 
Agency, Washington 25) 


The Philippines, Malaya, and Thai- 
land have formed the Association of 
Southeast Asia (ASA) “to establish ef- 
fective machinery for . . . consultation 
and mutual assistance in economic, 
social, cultural, scientific, and adminis- 
trative fields.” ASA’s goals include ex- 
change of educational and research 
facilities and information; collaboration 
in the utilization of natural resources 
and the improvement of transport and 
communications; and cooperation in 
the study of international commodity 
trade problems. 


Scientists traveling to the Soviet Un- 
ion are invited to use the Information 
Center for American Travelers to the 
Soviet Union, 333 East 46 St., New 
York City. Individuals or groups may 
contact the center to arrange for a 
briefing. The center is sponsored by the 
Government Affairs Institute. The serv- 
ice is free. Information of a more spe- 
cialized nature is available from the 
Office of International Relations of the 
National Academy of Sciences, 2101 
Constitution Ave., Washington, D.C. 
Among other services, the NAS office 
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will refer scientists to colleagues who 
have traveled in the Soviet Union and 
have offered to answer questions raised 
by prospective travelers. ; 


A report on the National Institutes 
of Health’s summer institute in bio- 
physical science, held from 28 August 
to 9 September 1960 in Cambridge, 
Massachusetts, has been published by 
NIH’s_ Biophysics and _ Biophysical 
Chemistry Study Section. (Office of the 
Principal Consultant, BBCSS, 2020 
Milvia St., Berkeley 4, Calif.) 


The American Federation of Infor- 
mation Processing Societies has been 
formed as the successor body to the 
National Joint Computer Committee. 
The founding societies of the federation 
are the American Institute of Electrical 
Engineers, the Association of Electrical 
Engineers, the Association for Comput- 
ing Machinery, and the Institute of 
Radio Engineers. The federation will 
accept into membership “other non- 
profit corporations and unincorporated 
associations which meet certain require- 
ments.” (Willis H. Ware, Rand Corp., 
1700 Main St., Santa Monica, Calif.) 


Grants, Fellowships, and Awards 


Scholarships at German institutions 
for research in science and the liberal 
arts are available to non-German sci- 
entists and scholars below the age of 35 
through the Alexander von Humboldt 
Foundation. The scholarships will be 
granted for 1 year, but may be extended 
for another year. Beginning 1 January 
1962, the foundation will also offer 
scholarships to lecturers at non-German 
universities who have conducted teach- 
ing and research work for a minimum 
of 5 years and whose publications are 
of outstanding merit. Recipients will be 
provided with round-trip travel expenses 
and additional family grants. (Hum- 
boldt Foundation, German Academy of 
Sciences, Berlin, W.8) 


Fulbright grants are available for 
advanced research and university lec- 
turing during the academic year 1962- 
63 in Europe, the Near and Middle 
East, the Far East, and the United 
Kingdom and its overseas territories. 
Eligibility requirements are as follows: 
U.S. citizenship; for lecturing, at least 
one year of college or university teach- 
ing experience; for research, a doctoral 
degree or recognized professional 
standing; in some cases, a knowledge 
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of the language of the host country. 
Awards are tenable in one country, 
usually for a full academic year, and 
payable in the currency of the host 
country. They provide round-trip travel 
for the grantee, and, for lecturers go- 
ing to certain countries of Asia and 
Africa, round-trip travel for one de- 
pendent; a maintenance allowance to 
cover living costs; an incidental allow- 
ance; and, for lecturers in specific coun- 
tries of Asia and Africa, a supplemental 
dollar grant. Deadline, 7 October 1961. 
(Conference Board of Associated Re- 
search Councils, Committee on Inter- 
national Exchange of Persons, 2101 
Constitution Ave., NW, Washington 25) 


Physicians who wish to do special 
work in nutrition are eligible for the 
1962-63 Nestlé fellowship, sponsored 
by the French Nestlé Company. Candi- 
dates must have a reasonable command 
of French. (International Children’s 
Centre, Chateau de Longchamp, Bois 
de Boulogne, Paris XVI) 


Applications are being accepted by 
the National Academy of Sciences— 
National Research Council for the 
James Picker Foundation fellowships 
and grants in radiology and nuclear 
medicine. Awards are made in four 
categories. 

Advanced fellowships in academic 
radiology. Candidates, preferably iess 
than 34 years old, must have completed 
clinical training in radiology and should 
be prepared to devote at least 2 years 
to course work in the basic sciences and 
to application of techniques. 

Postdoctoral research fellowships. 
Preference will be given to candidates 
with some training in radiology, al- 
though persons from closely related 
disciplines may apply. Applicants must 
hold the M.D., Ph.D., or Sc.D. degree 
or the equivalent. 

Grants for scholars, offered to assist 
medical schools in supporting and de- 
veloping junior staff members in ra- 
diology. The application is to be sub- 
mitted by the institution on behalf of 
the candidate. A 2-year grant of $6000 
a year will be made to the institution. 

Grants-in-aid of research, oriented 
toward, but not necessarily limited to, 
diagnostic aspects. The grants are 
awarded to institutions. 

Applications for the fiscal year 1962- 
63 should be submitted by J October. 
(Committee on Radiology, National 
Academy of Sciences—National Re- 
search Council, 2101 Constitution Ave., 
NW, Washington 25, D.C.) 





Meeting Notes 


The 11th International Genetic Con- 
gress will be held at The Hague-Schev- 
eningen, Netherlands, 2-12 September 
1963. (S. J. Geerts, Genetisch Labora- 
torium, Driehuizerweg 200, Nijmegen) 


Papers and lectures presented during 
the fourth national cancer conference, 
held in September 1960, are available 
in a single 774-page volume. (R. N. 
Grant, American Cancer Society, Re- 
search Education Service, 521 W. 57 
St., New York 19) 


A marine sciences conference will be 
held at Woods Hole, Mass., 11-15 Sep- 
tember. It is sponsored jointly by the 
American Society of Limnology and 
Oceanography and the Instrument So- 
ciety of America’s marine sciences 
division. 


The first meeting of the Western Con- 
ference of Immunologists will be held 
22-23 January 1962 in La Jolla, Cali- 
fornia. The organization is designed pri- 
marily to meet the needs of immunolo- 
gists and immunochemists residing west 
of Centralia, Illinois, but there are no 
geographical restrictions on member- 
ship or attendance. (Hugh Fudenberg, 
University of California Medical Cen- 
ter, San Francisco) 


A panel discussion on recent devel- 
opments in Europen psychiatry will be 
held on 27 September at the New York 
Academy of Medicine. (Association for 
the Advancement of Psychoanalysis, 
329 E. 62 St., New York 21) 


A meeting on operations research 
and management science will be held 
8-10 November in San Francisco. At 
this first joint national meeting of the 
Operations Research Society of America 
and the Institute of Management Sci- 
ences the following subjects will be 
discussed: mathematical programming; 
information processing; queuing mod- 
els; decision theory; operations research 
and management science in the area of 
world peace; developments in organiza- 
tion theory; and general systems an- 
alysis. (William R. Fair, Fair, Isaac 
and Co., 156 Montgomery St., San 
Francisco 4, Calif.) 


The first international conference on 
oral surgery will be held at the Royal 
College, London, 1—4 July 1962. (D. C. 
Trexler, American Society of Oral Sur- 
geons, 840 N. Lake Shore Dr., Chicago) 
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Scientists in the News 


Nicholaas Bloembergen of Harvard 
University and H. E. D. Scovil of the 
Bell Telephone Laboratories have been 
selected by the Franklin Institute to 
receive the Stuart Ballentine medal 
“for the invention of the three-level 
solid-state maser and its subsequent 
development for practical use.” 


Robert M. O’Neal, former associate 
professor of pathology at the Washing- 
ton University School of Medicine, St. 
Louis, has been named professor and 
chairman of the department of path- 
ology at Baylor University College of 
Medicine. 


Frank J. Kreysa, of W. R. Grace and 
Company, Washington, D.C., has been 
appointed staff associate for physics, 
chemistry, and related sciences at the 
Smithsonian Institution’s Science Infor- 
mation Exchange. 


M. King Hubbert, consultant in gen- 
eral geology to the Shell Development 
Company, Houston, Texas, has been 
named visiting professor of geology and 
geophysics at Stanford for the winter 
quarters of the academic years 1961-62 
and 1962-63. 


Rhodes W. Fairbridge, professor of 
geology at Columbia, is on sabbatical 
leave as visiting professor at the Sor- 
bonne, Paris. 


Frederick H. Kasten, biologist at the 
A & M College of Texas, has been 
named the first Feulgen Memorial Lec- 
turer by the Justus Liebig University 
of Giessen, Germany. 


Frederick T. Hedgecock, : associate 
professor of physics at the University 
of Ottawa, has been named manager of 
the Franklin Institute’s magnetics and 
semi-conductor laboratory, Philadel- 
phia. 


MacRoy Gasque, of Duke Univer- 
sity Medical School’s department of 
preventive medicine, has been named to 
the newly created position of medical 
director at Olin Mathieson Chemical 
Corp. 


John K. Clark, former associate pro- 
fessor of medicine at the University of 
Pennsylvania, has been appointed vice 
president of research and development 


at Smith, Kline and French Labora- 
tories. 
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Hao Wang, reader in the philosophy 
of mathematics at Oxford University, 
has been appointed Gordon McKay 
professor of mathematical logic and 
applied mathematics at Harvard. 


Gustave J. Dammin, member of the 
faculty of medicine and pathologist-in- 
chief at the Peter Bent Brigham Hos- 
pital, Boston, has been appointed the 
first Elsie T. Friedman professor of 
pathology at Harvard University Medi- 
cal School. 


Irving Schulman, professor of pedi- 
atrics at Northwestern University Medi- 
cal School and director of hematology 
at Children’s Memorial Hospital, has 
been appointed head of the department 
of pediatrics at the University of Il- 
linois College of Medicine. He succeeds 
Heyworth N. Sanford, who is retiring. 


Dragoslav Popovic, professor of nu- 
clear reactor engineering at the Univer- 
sity of Belgrade, has been appointed 
director of the International Atomic 
Energy Agency’s Safeguards Division. 


Joseph M. Foley, professor of neu- 
rology at Seton Hall University College 
of Medicine and Dentistry, has been 
appointed professor and director of the 
division of neurology at Western Re- 
serve University’s School of Medicine. 


Hilton A. Smith, professor of chem- 
istry at the University of Tennessee, 
has been appointed dean of the univer- 
sity’s graduate school and coordinator 
of research, effective 1 September. 


Alfred Lit, formerly with Bendix 
Systems Division, Ann Arbor, Mich- 
igan, has been appointed professor of 
psychology at Southern Illinois Univer- 
sity. 


Aaron Seamster, chairman of the de- 
partment of biology, Northeast Louisi- 
ana State College, has been appointed 
dean of the division of pure and ap- 
plied science. He will be succeeded as 
department chairman by B. Earl Price, 
associate professor of biology. 


Joy B. Phillips, associate professor. of 
zoology at Drew University, has re- 
ceived Sigma Delta Epsilon’s first grant- 
in-aid for research by a woman. 


Roger E. Batzel, nuclear chemist and 
associate director of the University of 
California’s Livermore Laboratory, has 
been appointed acting associate direc- 


tor for testing at the university’s Law- 
rence Radiation Laboratory. He  suc- 
ceeds Gerald W. Johnson, who has 
been appointed chairman of the Atomic 
Energy Commission’s Military Liaison 
Committee and assistant to the Secre- 
tary of Defense for atomic energy. 


John T. Norton, dean of the graduate 
school and professor of physics at 
Massachusetts Institute of Technology, 
has received the Plansee plaque, 
awarded triennially by the International 
Plansee Society for Powder Metallurgy. 
He is the first American to receive the 
award. 


Richard H. Bohning, assistant dean 
of Ohio State University’s College of 
Agriculture and Home Economics, will 
direct the training of 36 Peace Corps 
volunteers, of whom 25 will be selected 
to serve in India in the Punjab. 


Leo P. Vernon, on sabbatical leave 
from his post as professor of chemistry 
at Brigham Young University, has 
been appointed director of research at 
the Charles F. Kettering Laboratory, 
Yellow Springs, Ohio, effective 1 Oc- 
tober. 


William F. Bradley, professor and 
specialist in chemical crystallography 
and mineralogy at the University of 
Illinois, has been appointed professor 
of chemical engineering at the Uni- 
versity of Texas. 


Willard H. Bennett, head of the 
Atomic Physics Branch of the Naval 
Research Laboratory, has been named 
Burlington professor of physics at 
North Carolina State College. 


John Thomas, associate professor of 
internal medicine at Meharry Medical 
College, has been appointed research 
collaborator in Brookhaven National 
Laboratory’s medical department, un- 
der a program which provides facili- 
ties and funec's for guest scientists. 


William H. R. Shaw, associate pro- 
fessor of chemistry at the University 
of Texas, will become head of the 
University of Georgia’s chemistry de- 
partment on 1 September. He succeeds 
Alfred E. Scott, who is retiring. 


Erratum: In “Scientists in the news” [134, 
321 (4 Aug. 1961)] David Glick was erroneously 
reported to have been appointed head of the 
pathology department at Stanford University 
Medical School. Glick was named professor of 
pathology and head of the division of histochem- 
istry in the pathology department. Alvin J. Cox 
is head of the department. 
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Book Reviews 


Reconnaissance of Outer Space 


The Hubble Atlas of Galaxies. Allan 
Sandage. Carnegie Institution of 
Washington, Washington, D.C., 1961. 
viii + 32 pp. Illus. + 50 plates. $10. 


Astronomy is an observational sci- 
ence, not an experimental one. We can- 
not change the temperature of a star 
by a chosen amount in order to discover 
the nature of the resulting change in 
the spectrum. We can only observe the 
spectra of: different stars that have dif- 
fering temperatures, and we can watch 
the concomitant changes in the spectra 
and temperatures of pulsating st:-s. We 
cannot even watch evolutionary chunges 
in stars and galaxies take place; the 
time scale is too long. 

The Hubble Atlas of Galaxies is a 
major contribution to the observational 
study of cosmology. Any acceptable 
theory of the origin and evolution of 
galaxies must be capable of explaining 
the large variety of observed forms and 
stellar content found among these ob- 
jects. The classical presentation of this 
subject may be found in chapter 2 of 
Hubble’s book The Realm of the Nebu- 
lae, first published in 1936 and now 
available in a Dover paperback edition 
(1958). 

Allan Sandage has written an excel- 
lent introduction to the atlas, but Hub- 
ble’s earlier book is still well worth 
rereading. Many readers of this review, 
and even some of the users of the new 
atlas, may not be familiar with the evo- 
lution of the terminology used in this 
subject. Some quotations from Hubble’s 
book may be helpful here: 

“The astronomical term nebulae has 
come down through the centuries as 
the name for permanent, cloudy patches 
in the sky that are beyond the limits of 
the solar system. The interpretation of 
these objects has frequently changed, 
but the name has persisted. . . . 

“Today, the term nebulae is used for 
two quite different kinds of astronom- 
ical bodies. On the one hand are the 
clouds of dust and gas, numbering a 
few score in all, which are scattered 
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among the stars of the galactic system. 
These have been called galactic nebulae. 
On the other hand are the remaining ob- 
jects, numbering many millions, which 
are now recognized as independent 
stellar systems scattered through space 
beyond the limits of the galactic sys- 
tem. These have been called extragalac- 
tic nebulae. The nomenclature is fol- 
lowed in this book with the exception 
that, since extragalactic nebulae are 
mentioned so frequently, the adjective 
will be dropped. Therefore the term 
nebulae will refer to extragalactic nebu- 
lae alone, unless otherwise specified. 
“Some astronomers consider that 
since nebulae are now known to be 
stellar systems they should be desig- 
nated by some other name, which does 
not carry the connotation of clouds or 
mist. Such a revision might be useful, 
but, as yet, no entirely suitable alterna- 
tive name has been suggested. The pro- 
posal most frequently discussed is a 
revival of the term external galaxies. 
“. . . Usage, however, is not always 
determined by logic. The established 
definition may be dropped and the 
variant, revived, may flourish. No pre- 
diction is ventured. The term nebulae 
offers the values of tradition; the term 
galaxies, the glamour of romance.” 
The title of the new atlas shows that 
tradition lost out here, and rightly so. 
The introductory material Sandage 
wrote for the atlas consists of a preface 
and 32 additional pages of historical 
and descriptive material. The historical 
discussion begins with the island-uni- 
verse speculations of Kant (1724-1804), 


Swedenborg (1688-1772), and Wright, 


(1711-1786) and includes a description 
of the work of Shapley, Curtis, and 
Lundmark during the period 1917 to 
1921. Sandage’s description and evalu- 
ation of the conflict between Shapley 
and Curtis, which culminated in the 
historic debate held before the National 
Academy of Sciences on 26 April 1920, 
is objective and fair. Sandage continues: 

“Clearly neither side had convinced 
the other. New data were needed to 
place the solution beyond all doubt. 
Edwin Hubble provided these crucial 





data by his discovery, analysis, and in- 
terpretation of cepheid variable stars in 
M31, M33, and NGC 6822. This dis- 
covery settled the controversy once and 
for all. It proved beyond question that 
nebulae were external galaxies of di- 
mensions comparable to our own. It 
opened the last frontier of astronomy, 
and gave, for the first time, the correct 
conceptual view of the universe. Gal- 
axies are the units of matter that define 
the granular structure of the universe 
itself.” 

Hubble was working on the prepara- 
tion of an atlas such as this one at the 
time of his death in September 1953. 
The work had not progressed to the 
point where a simple editorial job was 
all that was needed to finish the work. 
Sandage states: 

“IT have acted mainly as an editor, 
not an editor of a manuscript but rather 
an editor of a set of ideas and conclu- 
sions that were implicit in the notes, in 
Hubble’s: grouping of galaxies into lists, 
in his notations on plate envelopes, and 
in conversations with him from 1949 to 
1953, and in the scheme as it emerged 
from inspection of the same material 
that he had used to define his system.” 

To me this seems to be too modest 
an evaluation of Sandage’s contribu- 
tion. There are 186 photographs of 176 
different galaxies reproduced here; San- 
dage, himself, took one-third of the 
photographs. Hubble took 72, Sandage 
63, Milton Humason 24, and seven 
others were responsible for the rest. 

The atlas is very conveniently organ- 
ized. A table of data lists the galaxies 
in order of their NGC (New General 
Catalogue of Nebulae and Clusters of 
Stars) number and gives the type of the 
galaxy, the telescope used, the atlas 
page, the enlargement of the picture, 
and the scale of the picture in seconds 
of arc per millimeter. The arrangement 
of the photographs is by class in the or- 
der Elliptical (E), Normal Spirals (S), 
Irregular (Irr.), and Barred Spirals (SB). 
Descriptive material for each photo- 
graph is printed on a page facing the 
photograph. The halftone reproductions 
are of excellent quality, and I did not 
realize they were halftones until I in- 
spected them with a pocket magnifier. 

Allan Sandage and the Carnegie In- 
stitution of Washington deserve the 
gratitude of astronomers, cosmologists, 
and all who have esthetic .appreci: tion 
for fine astronomical photographs. 

FRANK K. EDMONDSON 
Goethe Link Observatory, 
Indiana University 
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Animals and Habitat 


Living Amphibians of the World. Doris 


M. Cochran. Doubleday, Garden 
City, N.Y., 1961. 199 pp. Illus. 
$12.50. 


Doubleday Pictorial Library of Nature. 
Earth, plants, and animals. Josephine 
Perry, Ed. Doubleday, Garden City, 
N.Y., 1961. 363 pp. Illus. $9.95. 


These handsomely printed, lavishly 
illustrated books complete their respec- 
tive seven- and two-volume series. Both 
are intended for an international audi- 
ence of youngsters and oldsters who 
wish to counteract the trend toward ex- 
treme specialization by considering the 
natural world as a_ living, dynamic 
whole. The volume on amphibians is 
concerned with closely related topics 
and consequently shows fuller coverage 
and permits a chattier style. The volume 
on earth, plants, and animals is neces- 
sarily more encyclopedic in organiza- 
tion, and it often relies upon the sort of 
coordination and more informed reading 
a parent can give in achieving a satisfy- 
ing explanation from the use of illustra- 
tions and text. The two books comple- 
ment one another and seldom overlap. 

Doris Cochran’s book, like others in 
the “World of Nature Series,” follows 
an inconspicuous taxonomic framework 
to introduce lively accounts of both the 
commonly encountered and the more 
unusual members of each amphibian 
family. It indicates where in the world 
they are found and how they fit their 
particular habitats. Abundant color 
plates of very high quality add to the 
appreciation. Readers can use the book 
for repeated reference, via its good in- 
dex, or they can enjoy reading page 
after page, sharing the author’s en- 
thusiasm for her subjects. Pertinent 
comments are included on the role of 
amphibians in the food webs and on 
ways to keep amphibians under contin- 
ued observation as pets. A need for 
further information is emphasized in 
many places; perhaps this will lead to 
fresh field observations in various parts 
of the world. 

The book edited by Josephine Perry 
neatly gets the universe into shape; 
establishes the earth; populates it with 
life; modifies it through volcanic, moun- 
tain-building, and erosive action; and 
then accounts for the formation of al- 
most everything from subterranean an- 
thracite to coral atolls in 48 pages— 
surely a record for despatch! Biology 
is well integrated in the following 240 
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pages, followed by a 28-page taxonomic 
summary of the plant and animal king- 
doms and a 14-page glossary. Par- 
ticularly full coverage is accorded evo- 
lution, animal behavior, biogeography, 
and the development of human culture. 
The style varies somewhat from subject 
to subject, reflecting differences among 
the nine contributing authors. But al- 
ways the material reads easily and is 
extraordinarily informative for so brief 
a presentation. Most of the topics are 
tailored to fit on one or two facing 
pages, under a helpful subhead. 
Lorus MILNE 

MARGERY MILNE 
Graduate Summer School, 
Wesleyan University 


Tribute to Jeffreys 


The Earth Today. A. H. Cook and T. F. 
Gaskell, Eds. Royal Astronomical So- 
ciety, London, 1961 (order from 
Oliver and Boyd, Edinburgh; Inter- 
science, New York). xii + 404 pp. 
Illus. $13. 


The Earth Today, a special issue of 
the Geophysical Journal (vol. 4) dedi- 
cated to Sir Harold Jeffreys on the oc- 
casion of his 70th birthday, contains 
a statement by the editors, an apprecia- 
tion of Jeffreys’ work by Robert Stone- 
ley, and 27 papers by an international 
group of contributors. It is especially 
appropriate that the editors of the 
Journal have honored Jeffreys in this 
way; the Geophysical Journal is the 
successor to the Geophysical Supple- 
ment of the Royal Astronomical So- 
ciety, of which Jeffreys was for many 
years editor and one of the principal 
luminaries. In both phases this journal 
is rightly recognized as the outstanding 
journal of theoretical geophysics. 

As the title suggests, this volume is 
intended to contain the latest discus- 
sions of topics covered in Jeffreys’ great 
book, The Earth, now in its fourth edi- 
tion (1959). Five papers deal with as- 
pects of gravitation and geodesy, in- 
cluding the derivation of the Earth’s 
potential from observation of satellite 
orbits; 12 are concerned with seismol- 
ogy and global oscillations; three with 
thermal matters, including new data on 
heat flow in the Atlantic. Virtually all 
of the topics have at one time or other 
been the subject of investigation by 
Jeffreys himself. The present intense 
activity in geophysics is demonstrated 


by the ease with which this and other 
special volumes, such as those dedi- 
cated to Vening Meinesz and Guten- 
berg, have been filled with new articles, 
with no visible reduction in the rate of 
expansion of the regular journals and 
reviews. 

Aside from the common subject, 
however, nothing could be less like The 
Earth than The Earth Today. Jeffreys’ 
treatise, with its various revisions, has 
provided a coherent synthesis of a large 
fraction of geophysical theory and fact, 
sifted by a single intellect, and present- 
ed with a consistent point of view; in 
large measure, this was possible only 
because Jeffreys had made original con- 
tributions in every subject treated in 
The Earth. It is a book in which the 
impress of Jeffreys’ mind and personali- 
ty appears on every page. Thus it dif- 
fers radically from the undigested com- 
pilations of bits and pieces so often 
found between hard covers as well as 
from the individual research papers 
collected here. 

The Earth Today is about the same 
size as the fourth edition of The Earth, 
but it represents a small part of this 
year’s publication in the relevant topics. 
One can only wonder whether Jeffreys’ 
feat of synthesis can ever be repeated 
with the same success. 

FRANCIS BIRCH 
Department of Geological Sciences, 
Harvard University 


Tropical Flora 


Native Orchids of Trinidad and Tobago. 
Richard Evans Schultes. Pergamon, 
New York, 1960. x + 275 pp. Illus. 
$15. 


The Native Orchids of Trinidad and 
Tobago is a part of a series on the 
flora of the colony which is being pub- 
lished family by family. The Orchi- 
daceae on the two islands, represented 
by 181 species distributed among 66 
genera, is the second largest family rep- 
resented in the flora; it is slightly sur- 
passed by the Gramineae with 183 
species. In this colony, as in other areas 
of tropical America, the orchids have 
attracted several devoted amateur col- 
lectors and growers over the years and, 
for this reason, may be better known 
and more thoroughly collected, rela- 
tively, than the grasses. 

The volume is divided into two parts. 
Three short chapters cover general con- 
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siderations of the orchid family, orchids 
and their collectors, and acknowledg- 
ments. This is followed by the system- 
atic section of the volume, which 
takes up all but 18 pages of the total. 

The systematic section is excellent. 
The treatment of both the genera and 
the species is conservative. The account 
of a given genus includes a description 
of the genus; a key to the included 
species, if more than one; the accepted 
specific name, and synonyms for a 
much greater area than that covered 
by the volume; a specific description; 
flowering times; range of the species 
(Mexico is sometimes included in the 
term “Middle America,” but more often 
given separately). The exsiccatae for 
Trinidad and Tobago are cited. 

The illustrations are mostly excellent 
and very much more numerous than 
the “List of plates” would indicate— 
there are 97 plates although only 21 
are mentioned. One photograph, by 
oversight, is used to illustrate species 
in different genera (opposite pages 70 
and 78, where the illustrations belong 
with the Pleurothallis). 

The volume can be recommended 
not only as a source of information on 
the flora of Trinidad and Tobago but 
also for the large number of plates il- 
lustrating plants of a much wider range. 
The volume is well and attractively 
printed on paper that appears to be of 
excellent quality. The price is rather 
high even considering the number of 
plates. 

Louts O. WILLIAMS 
Chicago Natural History Museum 


Language’s Role in Behavior 


Language and the Discovery of Real- 
ity. A developmental psychology of 
cognition. Joseph Church. Random 
House, New York, 1961. xviii + 
245 pp. Illus. $4. 


Whatever their current research ac- 
tivities might suggest, many psychol- 
ogists would profess their ultimate goal 
to be that of arriving at a satisfactory 
scientific account of such “higher men- 
tal processes” as classifying, thinking, 
and problem solving. There is today 
renewed interest in what has _ been 
called “cognitive psychology” and in 
speech, language, and communication. 
To mention some of the more promi- 
nent approaches within psychology, we 
have B. F. Skinner’s uncompromising 
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attempt to describe verbal behavior in 
terms of the principles of reinforce- 
ment, G. A. Miller’s treatment of lan- 
guage in terms of information theory, 
and C. E. Osgood’s use of a “mediation 
hypothesis” to explain the acquisition 
of meaning. From the fields of linguis- 
tics and cultural anthropology we have 
had a description of language as a 
formal system of meaningful sounds 
and the hypothesis—most closely as- 
sociated with the name of B. L. Whorf 
—that the particular language one is 
brought up to speak conditions one’s 
perception of objective reality and 
perhaps also one’s modes of thinking. 

Church’s important contribution in 
this book is his clear formulation of 
a self-consistent, no-nonsense point of 
view concerning the role of language 
in behavior, derived largely from an 
analysis of the development of the 
child’s use of language in relation to 
his perceptual and cognitive experi- 
ences. Arguing from a phenomenologi- 
cal base, Church states his opposition 
to what he regards as the gratuitous 
constructions of Skinner and also to 
the mystique of Whorf’s linguistic rela- 
tivity. He believes that the influence 
of language categories upon the child’s 
awareness of reality is only indirect, 
but still traceable. 

A substantial portion of the book is 
devoted to issues which are not im- 
mediately related to the theme adver- 
tised in the title but which are valu- 
able and interesting as rightful subject- 
matter in cognitive psychology: the 
preverbal experience of the child, the 
“thematization” of experience, “up- 
ward” and “downward” logical classifi- 
cations, varieties of thinking, tests of 
verbal functioning, and the nature of 
personal styles of thinking and acting. 

The book is well organized and 
gracefully written. Church keeps much 
of his documentation and evidence be- 
hind the scenes; in his allusions to 
observations made of children, for ex- 
ample, he fails to identify the observ- 
ers, the conditions of observation, the 
status of the children, and so forth. 
The reader has little opportunity to 
question the interpretations offered by 
Church. This is nonetheless a_ signifi- 
cant and provocative book, containing 
much insight and wisdom for psychol- 
ogy as a whole and many suggestions 
not only for research but also for the 
cond'*t of education. 

JOHN B. CARROLL 
Graduate School of Education, 
Harvard University 





Carus Mathematical Series 


Statistical Independence in Probability, 
Analysis and Number Theory (Carus 
Mathematical Monographs, No. 12). 
Mark Kac. Wiley, New York, 1959. 
xiv + 93 pp. $3. 


This book is an outgrowth of three 
lectures delivered by Mark Kac at the 
summer meeting (1955) of the Mathe- 
matical Association of America; the 
general topic was “Familiar things 
from an unfamiliar point of view.” 
Subsequently Kac was invited to pre- 
pare an expanded version for publica- 
tion in the Association’s Carus Mathe- 
matical Monograph Series, the aim of 
which is “to contribute to the dissemi- 
nation of mathematical knowledge by 
making accessible . . . expository pres- 
entations of the best thoughts and 
keenest researches in pure and applied 
mathematics . . . set forth in a manner 
comprehensible not only to teachers 
and students specializing in mathe- 
matics, but also to scientific workers 
in other fields. . . .” Kac has made a 
signal contribution in this direction. 

The concept of statistical independ- 
ence stems from the commonplace no- 
tion of two or more things (events, 
propositions, and the like) being in- 
dependent if they have “absolutely no 
connection with each other whatso- 
ever.” The concept of probability itself 
was long surrounded “with vagueness 
which bred suspicion as to its being a 
bona fide mathematical notion.” Today 
both probability and_ statistical inde- 
pendence are precisely defined but in 
very general and abstract. terms. The 
price of such generality and abstraction 
is “not only to submerge the simplicity 
of the underlying idea but also to 
obscure the possibility of applying prob- 
abilistic ideas and results outside of the 
field of probability theory.” 

The author’s principal aim in the 
original lectures and in this enlarged 
version was to show that “(a) extremely 
simple observations are often the start- 
ing point of rich and fruitful theories, 
and (b) many seemingly unrelated 
developments are in reality variations 
on the same theme.” In view of the 
aim stated in (a) perhaps one should 
not be surprised to find that the book 
starts with the formula 


: le x 
Sin % =: 2 sin 2 cos > 


The chapters “The normal law in num- 
ber theory” and “From kinetic theory 
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to continued fractions” fulfill objective 
(b). Over and over again Kac exempli- 
fies the old Italian saying: “A mathe- 
matician is like a lover—grant a mathe- 
mathician the least concession and he 
will draw from it a consequence, and 
from that consequence another!” 
A truly delightful book! 

CHURCHILL EISENHART 

National Bureau of Standards 


Forerunner of Audubon 


Mark Catesby. George Frick and Ray- 
mond Phineas Stearns. University of 
Illinois Press, Urbana, 1961. x + 137 
pp. Illus. $5. 


If Audubon—Bartram—Catesby are 
the ABC’s of American natural history, 
Catesby is certainly least known to 
Americans. This attractive book will 
help remedy that situation, but we shall 
not know Catesby well until his great 
work, Natural History of Carolina, 
Florida, and the Bahama Islands, is re- 
issued. 

Eighteenth-century Catesby, subsi- 
dized by Sloane, Sherard, and others 
who had been eager for the contribu- 
tions of John Banister, and by Gover- 
nor Nicholson, displayed none of 
Audubon’s showmanship as man or 
artist. Catesby illustrated North Ameri- 
can birds in habitat backgrounds, a 
method brought to its fullest flowering 
by Audubon in the next century. Con- 
trary to the authors, these backgrounds 
were not initiated by Catesby. Maria 
Sibylle Merian published her first work 
in 1679, and another on insects of 
Surinam in 1705, wherein plants fairly 
compete with insects in disciplined 
beauty. 

We know little of Catesby’s exact 
routes in Virginia and Carolina. He 
reached Fort Moore on the Savannah 
River some 300 miles from Charleston. 
There may be notes as to where the 
sketches were made on the original 
Catesby drawings in the Royal Library 
at Windsor. Catesby drew from the 
living plant, but faced with engraving 
costs, he took lessons from the French 
artist, Joseph Goupy, and engraved the 
plates himself. That Goupy’s friend, 
the Duke of Chandos, was also Cates- 
by’s patron seems to have been over- 
looked. Although the text of his Natu- 
ral History was published in parallel 
English and French columns, we do 
not know who prepared the French 
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version, but the Franco-Philadelphia 
naturalist Du Simitiere left a 16-page 
manuscript subject “Catalogue” to 
Catesby’s work, though there is no 
clear evidence he was in touch with 
Catesby. 

Frick and Stearns’ volume is an ex- 
cellent chronicle of man and naturalist, 
and happily the price is most attractive! 
It must be said, however, that this is 
historians’ and not naturalists’ com- 
mentary. The naturalists’ edition, which 
should be published, will embrace not 
only bird commentary but also notes 
on Catesby’s mollusks (by Wilkins) 
and on his plants (by Dandy); it will 
align these subjects with the state of 
our knowledge rather more intimately. 

JOSEPH EWAN 
Department of Botany, 
Tulane University 


New Books 


Mathematics, Physical Sciences, 
and Engineering 


The Abundance of the Elements. Law- 
rence H. Aller. Interscience, New York, 
1961. 294 pp. Illus. $10. 

Algebra. With applications to business 
and economics. Paul H. Daus and William 
Whyburn. Addison-Wesley, Reading, Mass., 
1961. 365 pp. Illus. $6.75. 

Elementary Particles. Enrico Fermi. 
Yale Univ. Press, New Haven, Conn., 
1961. 120 pp. Illus. $1.45. 

Elements of Statistics. Elmer B. Mode. 
Prentice-Hall, New York, ed. 3, 1961. 
334 pp. Illus. Text edition, $7.25; trade 
edition, $9.65. 

Engineering Castings. How to use, make, 
design and buy them. Glenn J. Cook. Mc- 
Graw-Hill, New York, 1961. 266 pp. Il- 
lus. $8.50. 

Fast Reactors. R. G. Palmer and A. 
Platt. Temple Press, London, 1961 (order 
from Simmons-Boardman, New York). 93 
pp. Illus. $2.95. 

Flow of Fluids through Porous Mate- 
rials. Royal Eugene Collins. Reinhold, 
New York, 1961. 280 pp. Illus. $12.50. 

Heterocyclic Compounds. Polycyclic 
compounds containing two hetero atoms 
in different rings. Five- and six-membered 
heterocycles containing three hetero atoms 
and their benzo derivatives. vol. 7. Rob- 
ert C. Elderfield, Ed. Wiley, New York, 
1961. 885 pp. Illus. $37.50. 

The Impact of the New Physics. Frank 
Hinman. Philosophical Library, New 
York, 1961. 174 pp. Illus. $4.50. 

Instrumentation for High-Energy Phys- 
ics. Proceedings of an international con- 
ference. Lawrence Radiation Laboratory, 
University of California, Berkeley. Inter- 
science, New York, 1961. 338 pp. Illus. 
$10. 

Introduction to Engineering Mechanics. 
John V. Huddleston. Addison-Wesley, 
Reading, Mass., 1961. 500 pp. Illus. $9.75. 


Introduction to Geometry. H. S. M. 
Coxeter. Wiley, New York, 1961. 458 pp. 
Illus. $9.95. 

Modern Computing Methods. Philosoph- 
ical Library, New York, ed. 2, 1961. 176 
pp. Illus. $6. 

Nuclear Sizes. L. R. B. Elton. Oxford 
Univ. Press, London, 1961. 114 pp. Illus. 
$2.40. 

Operational Electricity. Theory, char- 
acteristics, applications, and mode of op- 
eration of circuits and machines. Charles 
I. Hubert. Wiley, New York. 540 pp. 
Illus. $8.50. 

Physical Chemistry. Gordon M. Barrow. 
McGraw-Hill, New York, 1961. 707 pp. 
Illus. $8.95. 

Plasmas and Controlled Fusion. David 
J. Rose and Melville Clark, Jr. M.LT. 
Press and Wiley, New York, 1961. 507 pp. 
Illus. $10.75. 

Plastics in Nuclear Engineering. James 
O. Turner. Reinhold, New York; Chap- 
man and Hall, London, .1961. 149 pp. 
Illus. $5.50. 

Pleistocene Geology of the Randall Re- 
gion, Central Minnesota. Allan F. Schnei- 
der. Univ. of Minnesota Press, Minne- 
apolis, 1961. 166 pp. Illus. $4.25. 

Probability. A first course. Frederick 
Mosteller, Robert E. K. Rourke, and 
George B. Thomas, Jr. Addison-Wesley, 
Reading, Mass., 1961. 334 pp. Illus. $5. 

Probability with Statistical Applications. 
Frederick Mosteller, Robert E. K. Rourke, 
and George B. Thomas, Jr. Addison-Wes- 
ley, Reading, Mass., 1961. 493 pp. Illus. 
+ plates. $6.50. 

Progress in Solid Mechanics. vol. 2. I. 
N. Sneddon and R. Hill, Eds. North-Hol- 
land, Amsterdam, Netherlands; Intersci- 
ence, New York, 1961. 342 pp. Illus. 
$11.75. 

Quantum Theory. D. R. Bates, Ed. Aca- 
demic Press, New York, 1961. 462 pp. 
Illus. $10. 

Radioactive Wastes. Their treatment and 
disposal. J. C. Collins, Ed. Wiley, New 
York, 1960. 260 pp. Illus. + plates. $8. 

The Science of Adhesive Joints. J. J. 
Bikerman. Academic Press, New York, 
1961. 266 pp. Illus. $8. 

A Synopsis of Physics. C. C. N. Vass, 
Ed. Williams and Wilkins, Baltimore, Md., 
ed. 5, 1961. 348 pp. Illus. $8. 

The Theory of Crystal Structure Analy- 
sis. A. I. Kitaigorodskii. Translated from 
the Russian by David and Katherine Har- 
ker. Consultants Bureau, New York, 1961. 
286 pp. Illus. $12.50. 

The Theory of Subsonic Plane Flow. 
L. C. Woods. Cambridge Univ. Press, New 
York, 1961. 616 pp. Illus. $22.50. 

Thermoelectricity. Science and engineer- 
ing. Robert R. Heikes and Roland W. Ure, 
Jr. Interscience, New York, 1961. 587 pp. 
Illus. $18.50. 

Trace Elements in Plants. Walter Stiles. 
Cambridge Univ. Press, New York, ed. 
3, 1961. 264 pp. $7.50. 

Transistors and Active Circuits. John 
G. Linvill and James F. Gibbons. Mc- 
Graw-Hill, New York, 1961. 530 pp. Illus. 
$14.50. 

Water Treatment. For industrial and 
other uses. Eskel Nordell. Reinhold, New 
York; Chapman and Hall, London, ed. 2, 
1961. 607 pp. Illus. $12. 
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Host Alternation of 
Spruce Broom Rust 


Abstract. Repeated inoculations demon- 
strate that Peridermium  coloradense 
A. & K. is the gametophytic stage of 
Chrysomyxa arctostaphyli Diet., previous 
reports notwithstanding. Thus C. arctosta- 
phyli is eliminated as the only familiar 
exception to Transhel’s law, which’ may 
apply universally to microcyclic rusts. 


Peridermium coloradense on spruce 
(Picea) has long been considered con- 
specific with Melampsorella caryophyl- 
lacearum Schroet., which alternates be- 
tween fir (Abies) and Caryophyllaceae. 
Evidence that these rusts are identical 
consists largely of the inoculation re- 
sults of Weir and Hubert (/, 2), but 
these have never been fully confirmed. 
Pady and others have questioned con- 
specificity because of differences in 
morphology and distribution of the 
spruce and fir rusts (3). The most 
striking argument against synonymy of 
these names was that of Hunter (4), 
who compared pycnia of the two coni- 
fer rusts and concluded, regarding the 
spruce parasite, that “its type is that of 
a Chrysomyxa.” 

Association of decay and mortality 
with rust witches’ brooms in species of 
western American spruce has called the 
attention of U.S. Forest Service pathol- 
ogists to Peridermium  coloradense. 
Classification of the rust and determi- 
nation of its telial hosts are natural 
first stages of investigation. 

Accordingly, on 29 July 1960, aecio- 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


spores from a broom on Picea engel- 
manni (collected at Allenspark, Colo- 
rado. 28 July) were applied to both sur- 
faces of moistened leaves of 16 caryo- 
phyllaceous and 7 ericaceous plants, as 
follows: ten Stellaria media, two S. lon- 
gipes, two Cerastium vulgatum, two 
Arenaria lateriflora, two Arctostaphylos 
uva-ursi, one Chimaphila umbellata, 
three Vaccinium scoparium, and one 
Kalmia polifolia. An equal number of 
controls of each species was treated 
with water only. The potted plants were 
kept in a greenhouse inoculation cham- 
ber in Fort Collins, Colo., for 80 hr (at 
100 percent relative humidity, 16° to 
28°C), then on a greenhouse bench. 
After 15 days, the bearberry (Arctosta- 
phylos uva-ursi) leaves developed 
abundant red spots; after 25 days, a 
careful check of all plants showed no 
disease symptoms in any except the 
bearberries, nor in any control plants. 
Microscopic examination showed that 
the red spots were the centers of dense 
rust mycelia. 

The bearberries were wilding trans- 
plants. They had been in the green- 
house and rust free for 10 mo previous 
to the experiment; most of their leaves 
were greenhouse grown. 

No sori developed on one infected 
plant kept in the greenhouse. The other 
inoculated bearberry was kept outdoors 
from 2 October until 7 November and 
then returned to the greenhouse; scores 
of recognizable telia were produced on 


it by 28 November (but none on an. 


accompanying control plant). Basidia 
were not produced until the plant was 
exposed to 100 percent relative hu- 
midity (on 20 December 1960). The 
teliospores measured 8 to 17 by 16 to 
47 » and the basidiospores 8 to 9 by 
9 to 10 yw; both were characteristic of 
Chrysomyxa arctostaphyli in shape, 
color, and wall thickness. Bearberry 
rust is not known within 20 miles of 
Fort Collins, and though it occurs in 
the mountains to the west, presumably 
its natural sporulation was completed 





weeks before inoculations were made; 
contamination thus seemed very un- 


likely. However, confirming experi- 
ments were undertaken. Aeciospores 
collected in South Dakota on Picea 


glauca were applied to another bear- 
berry plant in the greenhouse; infec- 
tion (judged by production of myce- 
lium) was abundant, whereas the con- 
trol was negative. Five series of in- 
oculations were made from 2 August 
to 6 December 1960 on detached leaves 
floating on water in petri dishes. In 
the first series, aeciospores were applied 
to 41 leaves of Chimaphila, Vaccinium, 
Pyrola, and Stellaria, as well as to 
eight Arctostaphylos leaves; all 41 and 
their 32 control leaves remained 
healthy. Eight uninoculated bearberry 
leaves and four leaves to which aecio- 
spores were applied on the upper epi- 
dermis showed no infection. All four 


bearberry leaves inoculated on _ the 
lower epidermis became heavily in- 
fected, as judged by production of 


mycelium. In the second experiment, 
Peridermium  coloradense  aeciopores 
from six different collections were used. 
Only two caused abundant infection 
(from Allenspark, Colo., and Deerfield, 
S.D.): concurrent tests on slides showed 
that only in these two was there meas- 
urable aeciospore germination. Of the 
four nonviable or slightly viable col- 
lections, only one gave rise to two red 
spots on a bearberry leaf, and no my- 
celium was observed in two hand sec- 
tions from these spots. As in the first 
experiment with detached leaves, no 
infection occurred where spores were 
applied only to the upper epidermis— 
probably because no stomata occur 
there. Later inoculations on newly ex- 
panded bearberry leaves in petri dishes 
were designed to test light and temper- 
ature requirements for infection. All 
these experiments confirmed the spruce- 
bearberry alternation in that they gave 
rise to rust mycelium from broom rust 
aeciospores under some conditions, and 
all control leaves remained healthy. 
These experiments demonstrate that 
Peridermium coloradense is the aecial 
stage of a rust which appears to be 
identical with Chrysomyxa_ arctosta- 
phyli. In retrospect this finding is not 
surprising. Peridermium  coloradense 
“cannot possibly be a Melampsorella” 
(4), and Chrysomyxa_ arctostaphyli 
without a spruce stage was abnormal 
among Chrysomyxae. The bearberry 
rust has about the same known range 
as spruce broom rust, from Alaska and 
Utah eastward almost to the Atlantic. 
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Where one host is present without the 
other, as in Greenland, arctic Alaska, 
and the southern Appalachians, neither 
rust has been reported. A possible ex- 
ception is the Kaibab Plateau of north- 
western Arizona, where Peridermium 
coloradense is abundant on spruce but 
bearberry has not been reported. It 
will be interesting to see whether an- 
other Arctostaphylos species serves as 
host, or the broom rust is short-cycling 
on spruce, or bearberry is actually 
present. Peridermium coloradense has 
been reported southward to central 
Mexico (5), far beyond the range of 
bearberry, but probably this is erro- 
neous because central Mexico is also 
far south of the spruce host’s range. 
In Eurasia both hosts are present, but 
both rusts are absent, according to 
mycological works on that area. 

The bearberry Chrysomyxa, though 
called microcyclic (2), is on the 
“wrong” host to be so according to 
Transhel’s law, which is (in part) that 
microcyclic rusts occur on the aecial 
hosts of related macrocyclic species 
(6). The aecial hosts of Chrysomyxae 
are Picea species, not Ericaceae. No 
evidence was ever presented that Chry- 
somyxa arctostaphyli is microcyclic; 
it was simply stated to be so. It pro- 
vided the principal apparent exception 
to Transhel’s generalization (6). Be- 
cause the telia produced on bearberry 
from inoculation with Peridermium 
coloradense are identical with those 
of Chrysomyxa arctostaphyli, we can 
now assume that the latter is not a 
microcyclic species. Other possible ex- 
ceptions are also species of Chryso- 
myxa, and are even less known than 
bearberry rust; quite likely they too 
are host-alternating. The “law”. may 
apply to all microcyclic rusts. 

R. S. PETERSON 
Rocky Mountain Forest and Range 
Experiment Station, U.S. Forest 
Service, Fort Collins, Colorado 
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Preference Factors i: 
Experimental Alcoholism 


Abstract. Normal rats which refused 5- 
and 20-percent alcohol in a previous study 
were restricted to 5-percent and 20-percent 
solutions in their home cages for either 30 
or 120 days. Differential preferences for 
alcohol solutions of up to 8-percent were 
established as a function of length of time 
animals consumed alcohol but not as a 
function of the particular concentration 
consumed prior to testing. 


One of the principal experimental 
procedures in physiological studies of 
alcohol consumption is the voluntary 
self-selection method. By daily increas- 
ing the percentage concentration of 
alcohol, Richter and Campbell (7) have 
shown that rats preferred alcohol over 
water in ranges of from 1.4 to 6.5 per- 
cent. Myers (2), however, found that 
rats which had never been exposed to 
alcohol refused a 5-percent solution and 
would not select this concentration in 
preference to water; this preference was 
reversed only when the rats were re- 
stricted to alcohol for at least 10 days. 
From this and other evidence (3), it 
seems that in Richter’s experiments the 
gradual increases in concentration of 
alcohol modified the animals’ prefer- 
ence threshold. 

In order to clarify the role of the 
time and concentration factors in self- 
selection, 16 male, 300-day-old hooded 
rats of the Colgate strain were trained 
in boxes containing three levers (4) to 
obtain with each respective lever press 
a pellet of food, 0.03 ml of water, or 
0.03 ml of 5-percent alcohol in one ap- 
paratus or 20-percent alcohol in the 
other (5). Each animal was deprived of 
food and alcohol for 24 hours, and dur- 
ing the 1-hour test session obtained its 
only food and fluid until the next day 
at the same time. In all cases the rats 
preferred water to both concentrations 
of alcohol throughout the 12 consecu- 
tive test sessions. Therefore, the rats 
were divided into four equal groups so 
that fluid intakes in their home cages 
were restricted to 5-percent alcohol for 
either 30 or 120 days, or 20-percent 
alcohol for 30 or 120 days. During this 
time they were maintained on their 
normal free-feeding laboratory food 
regimen. Retesting was then carried out, 
with half of the rats in each of the 
groups offered alcohol solutions which 
were increased from 5-percent, in 1-per- 
cent steps on sucessive daily test ses- 
sions, and the other half offered alcohol 
that was decreased from 15-percent con- 
centrations in the same manner. As in 


previous research (2) the data showed 
that food responses (intake) were 
identical across all groups. 

With respect to fluid preference as a 
function of the two alcohol concentra- 
tions in the home cages, there were no 
differences between the preference 
curves of rats that consumed 5-percent 
solutions and those that drank 20-per- 
cent solutions. The data from these two 
groups therefore were combined. 

Figure 1 illustrates the preference 
functions based on the effects of in- 
creasing versus decreasing the order of 
alcohol concentrations offered during 
testing. Neither the 30- nor the 120-day 
group on the decreasing alcohol sched- 
ule manifested a clear-cut preference 
for alcohol until the concentration 
dropped to 4 percent (bottom graph). 
This is in sharp contrast to the prefer- 
ences for higher alcohol concentrations 
by the groups offered alcohol increas- 
ing in concentration by 1 percent each 
day (top graph). Here it is postulated 
that the water preferred during the 9- 
day period in which the alcohol concen- 
trations were high and in the aversive 
range reduced the acclimation to and 
counteracted the effects of the long- 
term drinking. 

In Fig. 2 an over-all comparison of 
water and alcohol response functions, 
independent of the increasing or de- 
creasing order, clearly shows that in the 
30-day groups a shift in preference 
from alcohol to water occurs more 
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CONSECUTIVE DAILY TEST SESSIONS 


Fig. 1. Comparison of the two testing meth- 
ods for offering alcohol solutions to both 
30- and 120-day groups of rats. On suc- 
cessive days, the alcohol solution was in- 
creased by l-percent steps (top) or de- 
creased by 1-percent steps (bottom). 
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rapidly and at a significantly lower per- 
cent than in the 120-day groups (P< 
.01). Thus it may be concluded that al- 
though the home cage concentration of 
alcohol solution prior to testing did not 
seem to be significant in these tests, two 
important factors did influence the 
change in preference for alcohol: (i) the 
amount of time spent drinking prior to 
testing, and (ii) occurrence of an in- 
terval when water was ingested while 
alcohol was in the gustatorily noxious 
range. 

Finally, in view of these and other 
data, it is apparent that the arbitrary 
selection of a predetermined alcohol 
solution, such as the commonly used 
10-percent concentration (6), is a ques- 
tionable procedure for studying those 
experimental variables affecting the 
preference of this substance. Attributing 
animals’ refusal of 10-percent solution 
to some physiological condition or 
alteration may be entirely erroneous, 
since this concentration simply could be 
above the normal organism’s maximum 
preference level (refer again to Figs. 1 
and 2). 

In investigations which utilize prefer- 
ence for alcohol (and probably other 
substances) as a main experimental ef- 
fect, the following factors must be con- 
sidered: (i) acclimation period or prior 
exposure to the substance; (ii) the pre- 
ference threshold for the specific 
genetic strain of individual animals 
under investigation (7); (iii) the nutri- 
tional and metabolic states of the 
organisms (8); and (iv) technical details, 
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ETOH PERCENTAGES OFFERED DURING TESTING 
Fig. 2. Mean daily preferences for alcohol 
and water in rats whose fluid intakes in 
their home cages were restricted to 5-per- 
cent or 20-percent alcoho! for 30 days and 
120 days. These plots are based upon 
combined data of increasing-decreasing 
order groups and the S5- and 20-percent 
groups, and represent the mean fluid in- 
takes on each 1-hour consecutive daily 
test session. 
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including cage position of the available 
substance and possible stress conditions 
(9). Neglect of any or all of these fac- 
tors could seriously affect the validity 
of the research (/0). 

RoBERT D. MYERS 
Department of Psychology, Colgate 
University, Hamilton, New York 


ROBERT CAREY 
Department of Psychology, Syracuse 
University, Syracuse, New York 
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Suppressor of Pyrimidine 3 
Mutants of Neurospora and Its 
Relation to Arginine Synthesis 


Abstract. The basis of the mutant phen- 
otype of the pyr 3a strain of Neurospora 
appears to be the arginine sensitivity of 
an early step in pyrimidine synthesis. The 
effect of a suppressor mutation which 
renders pyr 3a pyrimidine-independent is 
to reduce arginine levels in the mycelium 
by its effect on ornithine transcarbamylase. 


The pyr 3 locus of Neurospora is 
represented by a number of independ- 
ent mutations which impose a pyrimi- 
dine requirement upon the organism. 
It has been found that a group of mu- 
tants represented by pyr 3d (45502) 
lacks the enzyme aspartic transcarba- 
mylase (ATC) (J) and does not re- 
spond to the presence in the same ge- 
nome of an unlinked suppressor mu- 
tation, s (2). The mutants represented 
by pyr 3a (37301), on the other hand, 
display normal aspartic transcarbamy- 
lase activity (1), and the pyrimidine 
requirement is entirely or almost en- 
tirely eliminated in the presence of s 
(2-4). Previous work indicates that the 
pyr 3a mutation affects a step in the 
synthesis of pyrimidines which lies prior 





to the appearance of the product of the 
ATC reaction, ureidosuccinic acid (US) 
(/). Such steps may be the ATC reac- 
tion itself, or the availability of its sub- 
strates, carbamyl phosphate (CAP) or 
aspartic acid. 

Direct attempts to identify the re- 
action affected in pyr 3a have been un- 
rewarding. A study of the action of the 
suppressor, s, was undertaken, there- 
fore, because it reverses the effect of 
the pyr 3a mutation. Very small con- 
centrations of arginine (0.05 ,»g/ml 
medium) have been shown to restore 
a pyrimidine requirement to the sup- 
pressed mutant (pyr 3a-s) (4), indi- 
cating an inhibition of pyrimidine syn- 
thesis by arginine. Because ornithine 
transcarbamylase (OTC), catalyzing 
the formation of citrulline from car- 
bamyl phosphate and ornithine, could 
well regulate arginine production, the 
effect of the suppressor gene upon this 
enzyme was investigated. 

Growth conditions have been de- 
scribed previously (/). Acetone pow- 
der extracts were assayed for ornithine 
transcarbamylase activity by measuring 
the appearance of citrulline colorime- 
trically (5) in the following reaction 
mixture: 20 ymole of ornithine, 20 
pmole of carbamyl phosphate, 250 
pmole of tris acetate buffer, pH 9.0, 
and an aliquot of the extract; total vol- 
ume, 3.25 ml; final pH, 8.7. 

It was found that, under the’ condi- 
tions of the experiments, extracts of 
wild type, pyr 3a and pyr 3d mycelia at 
similar stages of growth displayed an 
ornithine transcarbamylase activity of 
15 to 20 pmole of citrulline per milli- 
gram of protein per hour, while simi- 
lar extracts of pyr 3a-s displayed activ- 
ities of 0.2 to 0.6 »mole/mg per hour. 
Ascus analysis of a cross of pyr 3a-s to 
wild type showed that low OTC activity 
segregated regularly with suppressor 
action, and, where s was expected in 
otherwise wild type genomes, OTC ac- 
tivity was also low. 

Strains carrying s (without pyr 3a) 
grew normally on minimal medium, 
despite the great reduction of OTC ac- 
tivity. Such strains were stimulated, if 
at all, by only 6 percent in linear growth 
rate when arginine was added to the 
medium, while all wild type strains 
were unaffected by the addition of ar- 
ginine. This finding indicates that 
growth was limited only slightly by the 
lowered OTC activity, and that the in- 
hibition of pyr 3a-s by arginine is a 
function of the pyr 3a mutation rather 
than of s. Most important, the data 
strongly suggest that the basis of the 
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Table 1. Effect of arginine on the growth of 
pyr 3a-s. Minimal medium (25 ml) was 
inoculated with conidia of pyr 3a-s. Various 
amounts of arginine were added at the times 
indicated, and dry weights were measured 
subsequently. 





Arginine Dry weight (mg) at 
Amount (ug/ml Time 37 61 85 
of medium) (hr) hr hr hr 








0.0 1.5 24.0 46.2 
0.5 0 0.0 0.0 0.0 
1.0 6 18.2 
10.0 37 1.5 21.1 51.0 
20.0 Ki 1.5 9.6 20.0 
50.0 37 1.5 5.8 8.5 
100.0 37 1.5 te: 9.3 





pyr 3a phenotype is a sensitivity of an 
early step in pyrimidine synthesis to 
endogenously produced arginine or ar- 
ginine derivative. The suppressor, by re- 
ducing OTC activity, would presum- 
ably reduce the concentration of the in- 
hibitory substance. This interpretation 
is further supported by the observation 
that certain arginine mutations also sup- 
press pyr 3a when double mutants are 
grown in limiting arginine (3). 

The postulated arginine sensitive step 
in pyrimidine synthesis in pyr 3a has 
not been identified. Experiments have 
shown that arginine has no apparent 
effect on the production or in vitro ac- 
tivity of aspartic transcarbamylase from 
this strain. That pyr 3a does not suffer 
a block in the utilization of pyrimidines 
is indicated by the findings that no pyri- 
midine precursors accumulate in lim- 
iting concentrations of supplement and 
that pyr 3a will grow on orotic acid 
(6). 

The sensitivity of pyr 3a-s to argi- 
nine is most extreme in the conidial 
stage. While 0.5 yg of arginine per 
milliliter of medium completely inhibits 
the growth of conidial inocula for at 
least 7 days, much higher concentra- 
tions (20 ng/ml or more) are required 
to delay growth if the same inocula 
are allowed to develop for 37 hours be- 
fore arginine is added (Table 1). In 
other experiments, 50 to 100 ,»g of 
arginine per milliliter of medium were 
required to inhibit growth of media 
containing extremely limiting concen- 
trations of uridine (5 to 10 pg/ml). 
The data indicate that growing mycelia, 
as opposed to conidia, may dispose of 
arginine by utilization or destruction, 
or both, rather quickly. 

These findings may .well be related 
to those of Fairley (7). His observations 
that a different pyr 3 mutant (1298) 
will grow on a-amino butyrate or 
propionate, and that this growth is in- 
hibited by arginine, suggest that the 
stimulatory compounds, like the sup- 
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pressor, may interfere with the syn- 
thesis (or the inhibitory action) of 
arginine, allowing the normal route of 
pyrimidine synthesis to operate. Alter- 
natively, as he suggests, these com- 
pounds may be substrates of an alter- 
nate route of pyrimidine synthesis, also 
arginine sensitive. If the latter inter- 
pretation is correct, there is no obvious 
reason why the suppressed mutant, pyr 
3a-s, could not synthesize pyrimidines 
by an alternate, unrecognized, and argi- 
nine-sensitive route. The data of Fair- 
ley, showing arginine inhibition on the 
“utilization” of the aliphatic acids in 
tests comparing conidial and mycelial 
inocula, are compatible with the similar 
inhibition of the suppressed mutant de- 
scribed here. 

Enzyme assays of mixed extracts of 
s and s* mycelia have shown that the 
low OTC activity of s is not due to the 
production of an unbound inhibitor, 
the lack of a cofactor, or a competitive 
reaction. It is entirely possible that the 
s locus determines the primary structure 
of ornithine transcarbamylase; this 
hypothesis is reinforced by the finding 
that mutants at the arg 2 and arg 3 
loci, partially blocked between orni- 
thine and citrulline on nutritional cri- 
teria (8), both have normal or high 
OTC activities (9). 

Other effects of the s mutation, 
notably its ability to suppress several 
proline-requiring mutants (3), and its 
ability to block the utilization of 
ornithine by ornithine-requiring mu- 
tants (3), are now more understandable 
in terms of a greatly reduced conver- 
sion of exogenous or endogenous orni- 
thine to citrulline (10, 17). 

Note added in proof. Subsequent ex- 
periments have shown that the pyr 3 
mutant 1298, used by Fairley for the 
study of growth on a-amino butyrate 
and propionate, closely resembles pyr 
3a in the presence and specific activity 
of aspartic transcarbamylase under dif- 
ferent nutritional conditions. This find- 
ing was made independently in Fairley’s 
laboratory by Eugene Wampler. The 
finding suggests again the common basis 
of the action of the s gene and the ef- 
fect of a-amino butyrate and propion- 
ate. 

ROWLAND H. Davis 
Department of Botany, University 
of Michigan, Ann Arbor 
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Arginine and Pyrimidine 
Biogenesis in Neurospora 


Abstract. The growth-promoting activity 
of propionic acid and related compounds 
for the pyrimidine-less strain, Neurospora 
crassa 1298, is markedly inhibited by argi- 
nine. The data suggest that arginine exerts 
an inhibitory effect upon or represses the 
synthesis of an enzyme involved in pyrimi- 
dine formation. 


There are numerous indications of a 
relation between the biosynthetic path- 
ways leading on one hand to arginine 
and on the other to pyrimidine nucleo- 
tides (7). A new system for the exami- 
nation of this relationship has been pro- 
vided with the finding that several 
pyrimidine-less mutants of the mold, 
Neurospora crassa, are capable of 
growth in minimal medium supple- 
mented only with propionate, a-amino- 
butyrate, or certain related substances 
(2, 3). The present report (4) is con- 
cerned with the discovery that arginine 
is a potent inhibitor of the growth- 
promoting effects of these compounds. 

In the experiments described, the test 
organism was N. crassa 1298. Similar 
results were obtained with strain 37815, 
a strain which is pyrimidine-deficient 
only at temperatures above 32°C. The 
minimal medium and the methods used 
for the culture and the harvest of the 
mycelia have been described (2). 

Results which typify the effect of 
arginine upon the growth of the mold 
in the presence of various growth-pro- 
moters are presented in Table 1. It may 
be noted that arginine in concentrations 
of 10 pg (about 0.006 »mole) per 25 
ml of medium completely prevented 
growth in the presence of 50 umole of 
either propionate or aminobutyrate. 
The molar ratio of arginine to these 
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Table 1. Effect of arginine on growth of N. 
crassa 1298. The values are averages of 
triplicate assays, each with 25 ml of minimal 
medium supplemented with either 4 ,mole 
of uridine or 50 »mole of sodium propionate 
or aminobutyric acid. The growth periods 
were 3 days with uridine and 5 days with the 
other compounds. 








L-arginine Dry 
(mg/25 ml) mycelia (mg) 
Uridine (4 umole) 

0 45 
10.0 47 
DL-a-amino-n-butyric acid (50 mole) 
0 25 
0.001 20 
.005 13 
.010 0 
Sodium propionate (50 ymole) 
0 17 
0.001 8 
.005 3 
.010 0 





growth-promoters necessary for 50 per- 
cent inhibition was of the order of 
1:4000. On the other hand, arginine in 
concentrations as high as 10 mg/25 ml 
did not affect growth of the mutant in 
the presence of uridine. The arginine 
effect, therefore, must involve a rela- 
tively early stage of pyrimidine nucleo- 
tide formation. 

The use of mycelial fragments for 
the inoculation process gave results 
similar to those described above for the 
usual conidial inoculum. When 1 mg of 
arginine was added to flasks which had 
been growing with propionate for 4 
days (26 mg of mycelia), the growth in 
a subsequent 2-day period was only 10 
mg of mycelia as compared with 16 mg 
for the controls. Also, experiments with 
mixtures of uridine and propionate or 
aminobutyrate demonstrated that the 
presence of 10 mg of arginine depressed 
growth to that obtained with the uridine 
alone. These results indicate that the 
arginine effect is not restricted to the 
germination process, although this may 
be the most susceptible stage. Higher 
concentrations of arginine are needed 
to inhibit growing mycelia, probably 


Table 2. Comparison of the effect of various 
amino acids on growth of N. crassa 1298 in 
the presence of 50 ymole of DL-a-amino-n- 
butyric acid per 25 ml of minimal medium. 
The incubation period was 5 days. 











Concn. of Wt. of dry 
a supplement mycelia 
(umole/25 ml) (mg) 
None 39 
Arginine 0.03 11 
Ornithine 0.6 17 
Citrulline 6.0 30 
Aspartic acid 37.0 22 
Valine 43.0 12 
Isoleucine 38.0 10 
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because the compound is removed 
rather rapidly by metabolic processes: 
With time, growth appears in inhibited 
cultures concomitantly with the disap- 
pearance of arginine from the medium. 

Experiments with the other common 
aliphatic a-amino acids demonstrated 
that only ornithine, citrulline, aspartic 
acid, valine, and isoleucine had inhibi- 
tory effects in this system (Table 2), 
although all to a lesser degree than 
arginine. Ornithine was much more 
effective than citrulline, contrary to ex- 
pectation if the action of these com- 
pounds required their conversion to 
arginine. This may reflect differences in 
membrane permeability or may indi- 
cate that ornithine affects growth in a 
manner different from arginine. 

Attempts at this time to explain these 
effects must be regarded as speculation, 
for the primary metabolic defect in N. 
crassa 1298 is of unknown nature and 
the mechanisms by which propionate 
and aminobutyrate support growth re- 
main to be elucidated. The available 
evidence suggests (5) that these com- 
pounds are pyrimidine precursors and 
that their use for pyrimidine synthesis 
involves adaptive mechanisms different 
from those of the common aspartate- 
orotidylic acid pathway. It seems likely 
that any such utilization of these 
aliphatic acids requires the participation 
of coenzyme A at an early stage. The 
inhibitory action of valine and isoleu- 
cine may simply be the result of com- 
petition of their degradation products 
for this coenzyme. 

Should the use of propionate for 
pyrimidine synthesis require a new 
transcarbamylation reaction, as is quite 
possible, then obvious opportunities 
would exist for aspartic acid and 
ornithine to inhibit the new transcar- 
bamylase or to compete for the neces- 
sary carbamyl phosphate. 

The mechanism of the striking inhibi- 
tory action of arginine also remains 
unknown. This amino acid certainly 


could be simply a powerful inhibitor of. 


some enzyme. However, it may well be 
that the observed phenomenon is the 
result of the repression by arginine of 
the synthesis of an enzyme necessary 
for the utilization of propionate and 
aminobutyrate for pyrimidine forma- 
tion. This mechanism may be of gen- 
eral importance in the metabolic con- 
trol of pyrimidine biogenesis. 
JAMeEs L. FAIRLEY 
A. BirK ADAMS 
Department of Chemistry, Michigan 
State University, East Lansing 
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Antifungal Agent 


Abstract. From the soil of the San 
Joaquin Valley a fungus has been isolated, 
an extract of which inhibits the growth of 
Coccidioides immitis on Sabouraud’s me- 
dium. An acute toxicity study in mice 
indicates a certain tolerance of the extract. 
Tentative identification indicates that the 
fungus is a penicillium. 


Early in 1958 certain attributes of a 
green fungus seen occasionally in the 
course of our soil survey study of 
Coccidioides immitis caused one of us 
(M.C.E.) to isolate it and study its ef- 
fect upon other fungi. It was found to 
overgrow and displace C. immitis on 
modified Sabouraud’s medium. 

It was planted on 3-day-old cultures 
of C. immitis and 1 week later washings 
of this combined growth were injected 
intraperitoneally into 12 mice. At the 
same time equal amounts of a much 
lighter suspension of pure C. immitis 
were injected intraperitoneally into 12 
other mice. All of the mice that received 
the pure C. immitis culture died of 
coccidioidomycosis within 3 months. 
Only three of the mice that received 
the combined suspensions died. 

Further studies pointed to the need 
for making an extract of the fungus for 
determining its effect upon C. immitis. 
The 8-day-old cultures of fungus grown 
on modified Sabouraud’s medium were 
heated in the autoclave at 250°F for 5 
min, and the mat and substrate were 
extracted with chloroform. The chloro- 
form was boiled off under distilled 
water, and when only a tarry residue re- 
mained at the bottom, the water with 


Table 1. Results of acute toxicity study. 








Mice Amount of Deaths 

(No.) extract (ml) (No.) 
10 0.1 none 
21 0.2 3 
19 0.3 18 
10 0.5 10 
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that part of the chloroform extract that 
it had taken up during the boiling was 
pipetted off. This distilled water extract 
was used for measuring the zone of in- 
hibition of growth of C. immitis and 
for toxicity studies in mice. 

One-tenth of a milliliter of this aque- 
ous extract was placed on each of six 
testing disks and when dried these were 
placed in the center of 1-day-old cul- 
tures of two different strains of C. im- 
mitis growing on Sabouraud’s medium. 
The average diameter of the zone of in- 
hibition in the six cultures was 4.5 cm. 
The acute toxicity study performed in 
young mice averaging 21 g in weight 
gave the results shown in Table 1. 

The extract has since been tried 
against Microsporum gypseum and a 
species of Trichophyton with moderate 
zones of inhibition; it is being tested 
against other fungi. 

This green fungus has been tentative- 
ly identified by Chester Emmons at the 
National Institutes of Health as Penicil- 
lium janthinellum (1). 

MARGARET .C. EGEBERG 

ANN F, ELcoNIN 

ROGER O. EGEBERG 
Los Angeles County Hospital and 
University of Southern California 
School of Medicine, Los Angeles 


Note 


1. This work was supported by grants from 
the National Institutes of Health, Bethesda, 
Md., and the Attending Staff Association 
of the Los Angeles County Hospital, Los 
Angeles, Calif. 
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Significance of Some 


Fossil Wood from California 


In June 1952, N. L. Taliaferro, R. 
Taylor, and I found fragments of 
wood and gastropod shells in a sand- 
stone boulder 600 feet above sea level 
in Angus Canyon, a tributary to Capay 
Valley, about 40 miles west-northwest 
of Sacramento, Calif. The wood was 
later identified (by L. H. Daugherty) 
as Cupressinoxylon, and the gastropods 
(by J. W. Durham) as Cophocara. 

Although the boulder is firmly em- 
bedded in a conglomerate near the 
base of the Eocene Capay formation, 
it is dated as upper Cretaceous by its 
gastropods and by lithologic compari- 


son with nearby upper Cretaceous 
sandstone exposures. Analyses were 
made on parts of the dark-brown 


wood fragment shown in Fig. 1. 
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The specific gravity, determined by 
immersing fine splinters of the wood 
in heavy liquids, ranges from about 
2.3 to 2.7. X-ray analysis of a splinter 
(by Adolf Pabst) showed it to be 
chiefly calcite. Ignition of a small 
piece showed the ash content to be 
51.6 percent by weight. This ash was 
unaffected by an Alnico magnet, sug- 
gesting that no magnetic iron was 
present, and hence that no pyrite was 
present in the original unburned 
sample (/). The ash, x-rayed by Pabst, 
was found to be calcium oxide with 
a trace of hydrated calcium oxide. 

If, as the x-ray analysis suggested, 
the ash was wholly calcium oxide, 
calcined from calcite, one can easily 
calculate the weight percentage of 
calcite in the original—namely, 92.1 
percent. This explains, in part, the 
high specific gravity of the wood. 

A transverse thin section (Fig. 2) 
shows that the original vegetal struc- 
ture is excellently preserved. Evi- 
dently the calcite permineralization 
occurred before decomposition had 
progressed far enough to weaken the 
cell walls. Indeed, in view of Goldberg 
and Parker’s reconstruction of phos- 
phatization of wood (2), it appears 
likely that calcification was synchron- 
ous with oxidation of the tissue. 

With crossed nicols, both transverse 
and tangential thin sections show that 
the lumina are filled with calcite, but 
opaque cell walls make up almost half 
the apparent volume. In view of th: 
high specific gravity, the cell walls, 
as well as the lumina, must be impreg- 
nated with calcite. 

Transverse sections also show that 
much of the calcite is fine-granular, 
unlike that in the calcified wood de- 
scribed by Greenland and Wherry (3); 
individual grains are generally smaller 
than the lumina they fill, so that many 
cells contain more than one individual. 
C-axes of several of these, measured 
on a Universal stage, appear to be 
randomly oriented. The relatively fine 
granularity of the calcite suggests that 
crystallization began at closely spaced 
centers and proceeded rather uniformly 
and rapidly. This suggestion supports 
the inference that permineralization 
was synchronous with initial decompo- 
sition, presumably soon after de- 
position. Also supporting this idea is 
the fact that the wood, both micro- 
and macroscopically, appears to have 
been but little deformed and flattened 
by the weight of overlying sediments 
before calcification. 
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Fig. 1. Rock fragment showing piece of 
dark calcified Cupressinoxylon wood. 
Streaky gray fragments are other calci- 
fied wood chips; white fragments are 
shells of Cophocara, a gastropod with 
upper Cretaceous affinities. 


The presence of Cophocara shells 
shows that the wood was deposited in 
a marine environment; coarse gran- 
ularity of the sandstone suggests rela- 
tively strong local currents; absence of 
pyrite suggests relatively free circula- 
tion of the water. All of this points to 
an environment unlike that in which 
the wood of the Carboniferous coal 
balls was calcified—a restricted, an- 
aerobic, lagoon or flood-plain environ- 
ment. 

The environment, though marine, 
was also different from that of the 
410-m terrace, in the Gulf of Tehuan- 
tepec, from which Goldberg and 
Parker dredged phosphatized wood 
(2). They and others have suggested 
that, since the hydrogen-ion concen- 
tration requirements are similar for 
precipitation of calcium carbonate and 
calcium phosphate, the relative con- 
centration of carbonate and phosphate 
ions in the water will determine 
whether calcite or apatite will be de- 
posited. 

Presumably, then, if the phosphate 
content of the Central Valley Creta- 
ceous geosyncline was relatively low, 
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Fig. 2. Fhotomicrograph of transverse 
section of the wood fragment shown in 
Fig. 1. Crossed nicols. Width of view 
is approximately 0.45 mm. 
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calcite rather than apatite would have 
been deposited. The supposition that 
the phosphate content of the water 
was low is supported by the general 
paucity of Cretaceous fossil remains, 
especially of planktonic Foraminifera, 
in central California. A thriving marine 
animal community requires waters 
rich in phosphate. Such waters gen- 
erally result from upwelling along open 
coasts. Hence, if the sea in the central 
California Cretaceous geosyncline was 
deficient in phosphate, as suggested by 
wood calcification and scarce marine 
fossils, it very likely was not receiving 
upwelled coastal marine waters. This 
line of reasoning tends to confirm the 
view of some geologists that the geo- 
syncline was at least partially blocked 
off from the open sea during much of 
its existence. 

CHARLES G. HIGGINS 
Department of Geological Sciences, 
University of California, Davis 


References and Notes 


- 


. Ignition, under identical conditions, of black, 
Recent wood from another locality yielded 
ash that was strongly magnetic. The source 
of the magnetic iron is presumed to be pyrite 
in the original sample. 

. E. D. Goldberg and R. H. Parker, Bull. 
Geol. Soc. Amer. 71, 631 (1960). 

3. C. W. Greenland, Econ. Geol. 13 (1918); 


N 


E. T. Wherry, Proc. U.S. Natl. Museum 
53 (1917). 
17 April 1961 


Benzpyrenes in Soil 


Abstract. Benzpyrenes appear to be 
common and fairly abundant constituents 
of soils. Both the carcinogenic 3,4-benz- 
pyrene and its inactive 1,2-isomer have 
been detected spectroscopically in ex- 
tracts of soils from rural areas of the east- 
ern United States. 


Polynuclear aromaiic hydrocarbons 
are commonly found in recent marine 
and nonmarine sediments (/, 2). Evi- 
dence has now been obtained that both 
the strongly carcinogenic hydrocarbon 
3,4-benzpyrene and its inactive isomer 
1,2-benzpyrene are common and fair- 
by abundant constituents of solids. 


Table 1. 3,4-Benzpyrene in soils. 











ee. : Conc. 
Origin and type of soil (ug/kg) 
Oak forest, West Falmouth, 

Cape Cod, Mass. 40 
Pine Forest, West Falmouth, 

Cape Cod, Mass. 40 
Mixed forest, West Falmouth, 

Cape Cod, Mass. 1300 
Mixed forest, eastern Connecticut 240 
Garden soil, West Falmouth, 

Cape Cod, Mass. 90 
Plowed field, eastern Connecticut 900 
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A number of soils from rural areas 
of Massachusetts and Connecticut were 
analyzed. After the samples were dried 
to constant weight at 110°C, 50 g of 
each soil sample were weighed and ex- 
tracted in’ a Soxhlet by benzene- 
methanol (1:1). The solvent was then 
removed in a rotating evaporator, and 
the remaining extract was treated with 
warm iso-octane-benzene (3:2). The 
soluble fraction was again dried, taken 
up in boiling iso-octane, and immedi- 
ately adsorbed on an 8-ml column of 
alumina (Brockman II). The elution 
was carried out with a graded series 
of iso-octane-benzene mixtures. In 
some cases, yellow nonhydrocarbon 
materials broke through in the hydro- 
carbon-fractions; they then re- 
moved by rechromatography under 
identical conditions. The hydrocarbons 
in the eluates were detected by ultra- 
violet spectrophometry (Cary model 
14 spectrophotomer), with a Sawicki 
chart (3) and a punched-card file of 
hydrocarbon spectra as aids in their 
identification. The spectra of 3,4- 
benzpyrene and 1,12-benzperylene, 
which both occur in soils, are very 
similar, but the presence of fine struc- 
ture in the 383-my, band together with 
a high 403-my band constitute conclu- 
sive evidence for the presence of 3,4- 
benzpyrene (3). 

The hydrocarbon assemblage in all 
soil samples was found to be very 
similar even if the concentrations 
varied. The 1,2- and 3,4- isomers of 
benzpyrene were detected in all sam- 
ples. Figure 1 is the spectrum of a 
typical benzpyrene fraction, contami- 
nated with some chrysene (responsible 
for the background absorption) and 
some perylene (peaks at 434 and 
428 mp). The concentration of the bio- 
chemically active 3,4-benzpyrene was 
estimated from the intensity of the 
403-mp, band (Table 1). In addition to 
the benzpyrenes, the following hydro- 
carbons were represented in all sam- 
ples: phenanthrene, fluoranthene, py- 
rene, chrysene, perylene, and anthan- 
threne. Extensive rechromatography of 
the combined extracts provided evidence 
for the additional presence of anthra- 
cene, triphenylene, benzanthracene, 
benzfluorene, 1,12-benzperylene, and 
coronene. 

Some soils may contain a much 
higher concentration of 3,4-benzpyrene 
than reported here. Kern (/), in his 
paper on the discovery of chrysene in 
some Swiss soils, describes the isolation 
of two additional hydrocarbons, not 
identified with certainty. The reported 
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Fig. 1. Spectrum of a typical benzpyrene ' 


fraction, contaminated with some chry- 
sene and some perylene (in iso-octane). 


spectra and analytical data lead us to 
conclude that Kern already had _ iso- 
lated 3,4-benzpyrene [melting point: 
171°C (benzpyrene: 177°C); molecular 
weight: 283 (benzpyrene: 252); log 
€itm (at 296 my): 1.7 X 10° (benz- 
pyrene: 2.2 xX _ 10°)j. According to 
Kern, this hydrocarbon was obtained 
in crystalline form with the remarkable 
yield of 21 mg/kg of soil. 

We believe that the occurrence of 
such hydrocarbon concentrations in 
rural soils distant from major highways 
and industries cannot be ascribed to 
fallout from polluted air. More likely, 
these hydrocarbons are indigenous to 
soil. They are among the pyrolytic 
products of wood and might be formed 
in soil by related low-temperature 
processes, as they also occur in the 
transformation of plant organic mat- 
ter to peat and lignite. Alternatively, 
the hydrocarbons might be the prod- 
ucts of the organisms which contribute 
their organic matter to the soils. These 
genetic mechanisms—if correct—im- 
ply that man has been in contact with 
carcinogenic hydrocarbons, not only 
during the industrial epoch, but during 
his entire history. It remains to be ex- 
amined whether the concentration and 
availability of the benzpyrene in soil 
is sufficient to be of concern to those 
exposed to continued contact with soil 
(4). 

Max BLUMER 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 
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Hemorrhagic Disease in Rodents 
Infected with Virus Associated 
with Thai Hemorrhagic Fever 


Abstract. KLA 16 virus, recovered from 
a child with Thailand hemorrhagic fever, 
produces infant mouse, rat, and hamster 
disease that is characterized by spontane- 
ous bleeding at multiple sites, notably in 
the gastrointestinal tract, and by marked 
abnormalities in hemostatic mechanisms. 
This virus differs in this respect from 
Chikungunya virus to which it is immu- 
nologically similar and from other Thai 
hemorrhagic fever viruses. 


Human virus infections, characterized 
by spontaneous hemorrhage, are record- 
ed from widely separated areas of Asia, 
Europe, and South America. Immuno- 
logically distinct agents have been im- 
plicated in the etiology of these hemor- 
rhagic fevers, but thus far only the 
viruses of Kyasanur Forest Disease and 
Omsk, Philippine, Argentine, and Thai- 
land hemorrhagic fevers have been prop- 
agated in laboratory hosts (/, 2). These 
agents multiply in albino mice and pro- 
duce fatal encephalitis with minimal 
apparent involvement of other major 
viscera. Recently a virus was recovered 
from the blood of a Thai child who 
contracted Thailand hemorrhagic fever 
in Bangkok in May 1960. This agent, 
KLA 16, was identified as an arthropod- 
borne virus of Casal’s group A, closely 
related to Chikungunya virus and im- 
munologically identical to TH 35 and 
BaH 306 viruses recovered from Thai 
patients by Hammon and Kitaoka, re- 
spectively (2, 3). KLA 16 virus differs 
from these, however, in its capacity to 
produce hemorrhagic disease in ro- 
dents. This report describes the hemor- 
rhage-producing characteristics of KLA 
16 virus and the factors thus far known 
to influence production of the hemor- 
rhagic diathesis in experimental animals. 

From the patient’s bleod obtained on 
the 2nd day of disease, virus was recov- 
ered simultaneously in mice | to 2 days 
old and in trypsinized explants of ham- 
ster kidney and rhesus kidney cells. 
These three isolates were transmissible 
interchangeably in each of the three 
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host systems and were immunologically 
identical. Intracerebral passage of in- 
fected brain or cell cultures resulted in 
subcutaneous and marked intraluminal 
intestinal hemorrhages in approximately 
20 percent of inoculated mice. The 
bleeding tendency has been observed 
in mice inoculated with virus in as high 
as 12 mouse and 7 hamster kidney cell 
passages, with virus obtained after three 
terminal dilution passages in both suck- 
ling mice and hamster kidney cells. 
Several factors influenced the occur- 
rence of discernible hemorrhage after 
inoculation of mice (4). After infection 
with 10 to 100 intracerebral LD», sev- 
eral age-dependent patterns of disease 
were observed. Hemorrhage was seen 
only in mice infected before the 7th 
day of life. No hemorrhage, and only 
sporadic deaths were observed between 
7 and 21 days of age, and older mice 
were resistant to lethal infection. The 
frequency and extent of hemorrhage 
was greatest in mice 24 to 48 hours old 
at inoculation. The intracerebral route 
of infection was more sensitive than 
subcutaneous or intraperitoneal inocu- 
lation for both the production of hem- 
orrhagic disease and for quantitation of 
infectivity. Hemorrhage rarely followed 
subcutaneous or intraperitoneal inocu- 
lation of any amount of virus, and these 
routes were 1/100 as sensitive for de- 
tecting viable virus as intracerebral in- 
oculation. By passing only virus from 
brains of hemorrhagic mice three times, 





it was possible to increase the frequency 
of overt bleeding from 20 to 90 percent. 
Thus intracerebral inoculation of 10 to 
100 LDsx» of this final virus seed into 
mice 24 to 48 hours old was found to 
be optimal for producing hemorrhagic 
disease. 

Under these circumstances, normal 
activity of mice decreased about 72 
hours after inoculation. All or portions 
of the small intestine were salmon pink 
in color, and when viewed under x20 
magnification, marked dilatation and 
congestion of blood vessels in the wall 
was seen. Within a few hours, color 
changed from pink to gray, and as 
further hemorrhage occurred into the 
lumen, segments or large portions of 
the bowel turned black (Fig. 1). Black 
bowel contents were strongly benzidine- 
and guaiac-positive; blood in the intes- 
tine was always partially digested. Sub- 
cutaneous, intra-articular, and bladder 
wall hemorrhages occurred occasional- 
ly. Mice which showed hemorrhagic 
manifestations usually died within the 
next 24 hours. The moribund suckling 
mouse was characterized by congested 
jugular veins, enlarged heart, progres- 
sive cyanosis, and decrease in surface 
temperature, but no manifestation of 
disease in the central nervous system 
was seen. Histologic examination of the 
bowel failed to reveal specific sites of 
bleeding but confirmed the congestive 
changes and showed vacuolar degener- 
ation of the cytoplasm of mucosal cells 


Fig. 1. Hemorrhage into isolated loops of bowel of 5-day old mouse, 72 hours after 
infection with KLA 16 virus (right). Normal abdominal viscera (left). 
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in the area of bleeding. No other char- 
acteristic lesions were seen regularly in 
the major viscera of infected mice. Bone 
marrows had normal complements of 
megakoryocytes and myeloid and ery- 
throid elements. Normal hematopoietic 
tissues were present in liver and spleen. 
The cellularity and architecture of the 
thymus was undisturbed (5). 

The mechanism for hemorrhage is at 
present poorly understood, although 
certain defects in the hemostatic mech- 
anism have been observed. Platelet 
counts in the normal mouse 4 to 5 days 
old ranged from 640,000 to 1,200,000/ 
mm* (average, 920,000/mm‘*). In hem- 
orrhagic mice infected with KLA 16, 
platelets were decreased to a range of 
60,000 to 450,000/mm* (average, 220,- 
000/mm*). However, mice of the same 
age infected and moribund with: Chi- 
kungunya virus in the 169th mouse pas- 
sage maintained platelet counts near 
the normal range, 550,000 to 950,000/ 
mm* (average, 700,000/mm*). No oth- 
er cellular element of peripheral blood 
was depressed. Rather, hemorrhagic 
mice showed leukocytosis to 20,000/ 
mm* or more (normal 3000 to 5000/ 
mm’), with the increase due primarily 
to polymorphonuclear cells (65 to 90 
percent). Whether this polymorphonu- 
clear response resulted directly from 
KLA 16 virus infection, or whether it 
was the result of bacterial invasion 
through a damaged gastrointestinal mu- 
cosa, is unknown. Mice infected with 
KLA 16 have had consistently pro- 
longed bleeding times (approximately 
5x) and capillary tube venous clotting 
times (approximately 3X) compared 
with normal controls and with Chikun- 
gunya infected mice. Pooled plasma 
samples from groups of five litter mates 
with gastrointestinal hemorrhage were 
moderately icteric and possessed pro- 
thrombin activity 30 to 40 percent of 
normal controls. 

Both 2 to 3 day old Syrian hamsters 
and albino rats (Wistar) are susceptible 
to hemorrhagic manifestations of KLA 
16 virus infection. Intestinal hemor- 
rhages in suckling hamsters appeared 
to be less severe than those seen in 
mice, but subcutaneous and subungual 
hemorrhages were prominent. On the 
other hand, the hemorrhagic disease in 
suckling rats was similar, but somewhat 
more severe than that seen in mice. The 
adult hamster, rat, guinea pig, and rab- 
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bit are, like the adult mouse, refractory 
to overt infection. 

Overt hemorrhagic phenomena have 
not been observed in animals infected 
with TH 35 virus, and were seen only 
rarely with BaH 306 virus infection, 
although platelet counts, bleeding, and 
clotting times in mice infected with 
both of these viruses were abnormal. 
The changes, however, were less pro- 
nounced than those induced by KLA 
16 infection. Since TH 35 and BaH 306 
viruses had been subjected to a number 
of consecutive mouse passages, their 
failure to induce hemorrhage may be 
due to their mode of adaptation to ro- 
dents, or differences in methods for in- 
itial recovery, or both. 

Hemorrhagic fever in Thailand is an 
acute infection of children and is char- 
acterized by fever, petechial hemor- 
rhage, purpura, gastrointestinal bleed- 
ing, and shock (2). Its clinical manifes- 
tations are thus similar to the experi- 
mental animal disease. Current knowl- 
edge of the etiology, pathogenesis, and 
the explanation for the hemorrhagic 
tendency of Thailand hemorrhagic 
fever is incomplete; however, recorded 
alterations of the human hemostatic 
mechanism are compatible with those 
observed in mice. The limitation of rec- 
ognizable disease in Thailand to infants 
and children suggests that the severity 
of the human disease, like its rodent 
counterpart, may be dependent upon 
age. While the extent of similarities re- 
mains undetermined, the suckling ani- 
mal offers a unique and valuable tool 
for investigation of the pathologic proc- 
ess of this disease and for assessing the 
roles played by host factors such as 
growth and physiologic development in 
its manifestations. 

The explanations for differences in 
the hemorrhage-producing capacities of 
the three immunologically identical vi- 
rus strains is similarly unknown. All 
strains of Thai hemorrhagic fever virus 
may possess this hemorrhagic property, 
a thesis which can be evaluated only by 
critical study of additional recovered 
viruses. In this respect the hemorrhagic 
tendency of these viruses may be an 
important marker for rapid recognition 
of virus in the field. Certainly the hem- 
orrhage-inducing property is not direct- 
ly associated with the known antigenic 
composition of the virus, since im- 
munologically identical strains differ in 





this capacity. The identification of this 
property with other marks of virus 
activity appears to be in order. 
Finally, whether hemorrhage occurs 
in infected rodents may be dependent 
upon one or more interrelationships be- 
tween virus and host. On one hand, 
source material might contain hemor- 
rhage-producing variant in high con- 
centration, or such a variant may prop- 
agate at rates favoring its selection. On 
the other, the characteristics of the host 
at the moment may be important in 
selecting different natural variants upon 
initial propagation, or in the recognition 
of hemorrhage-producing variants. Thus 
virus initially recovered in_ slightly 
older mice, or in other mouse strains, 
may have biologic characteristics dif- 
ferent from the hemorrhage-produc- 
ing variant (KLA 16) recovered in 
younger animals. The observed increase 
in the frequency of the hemorrhagic 
phenomenon after passage of virus from 
very young hemorrhagic mice tends 
to support the importance of host age 
and, further, implies that virus popu- 
lations in nature are heterogeneous mix- 
tures of hemorrhage- and nonhemor- 
rhage-producing variants. These condi- 
tions may apply to other human hemor- 
rhagic fever viruses. If this is so, further 
testing of the hypothesis should result 
in recovery of other hemorrhage-pro- 
ducing viruses in appropriate test ani- 
mals. 
Scott B. HALSTEAD 
EpwarbD L. BUESCHER 
Department of Virus Diseases, 
Walter Reed Army Institute of 
Research, Washington, D.C. 
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Comparative Endocrinology 


The 3rd International Symposium on 
Comparative Endocrinology was held 
at Oiso, Japan, 6-10 June 1961, under 
the sponsorship of the Zoological So- 
ciety of Japan. The local planning 
committee, with K. Takewaki as chair- 
man, included the other two profes- 
sors of the Zoological Institute of the 
University of Tokyo, T. Fujii and H. 
Kinosita; H. Kobayashi, who served as 
secretary; and N. Egami, who served as 
treasurer. The magnificent surroundings 
of Oiso on Sagami Bay, the excellent 
physical arrangements, and the gener- 
ous hospitality of the Japanese hosts all 
helped to make this an unforgettable 
experience for participants from abroad. 

There were 161 scientists attending 
the symposium, including 41 from the 
United States and 87 from Japan. Of 
the American delegates, 27 had re- 
ceived travel grants from the National 
Science Foundation and the National 
Institutes of Health. In addition to the 
American delegates there were 33 par- 
ticipants from Australia, Canada, 
France, East Germany, West Germany, 
Great Britain, Holland, Hong Kong, 
India, Italy, Sweden, Taiwan, Uganda, 
and the U.S.S.R. 

The theme of the symposium was 
neuroedocrine and endocrine mecha- 
nisms in developmental, environmental, 
and metabolic adjustments. The Inter- 
national Committee attempted to avoid 
duplication of subject matter covered 
at the two previous symposia, at Liver- 
pool and Cold Spring Harbor. The ori- 
entation was, in general, truly com- 
parative. In addition, throughout the 
symposium there was special empha- 
sis on recent advances in insect neuro- 
endocrinology, to which Japanese biol- 
ogists have contributed so notably. 
The proceedings of the symposium, 
including the discussion, are to be 
published as a supplement to Gen- 
eral and Comparative Endocrinology. 

The symposium was distinguished by 
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a successful effort to deal with topics 
of comparative endocrinology on a 
phenomenologic rather than a_ taxo- 
nomic basis. The line between verte- 
brates and invertebrates, so evident in 
much of the research in comparative 
physiology, was largely effaced by the 
inclusion of papers on a single topic 
in the same session, without regard to 
the taxonomic position of the animals 
discussed. 

The session on hormone chemistry, 
with Ito (Tokyo) as chairman, cov- 
ered insect hormones (Karlson, Mu- 
nich) mammalian pituitary hormones 
(Li, Berkeley), and the immunology 
of pituitary and placental gonado- 
tropins (Segal, Laurence, and Perl- 
bachs, New York; Johnson, Iowa City). 
The session on hormones affecting en- 
vironmental adjustment, with Gorb- 
man (New York) as chairman, was 
concerned largely with fish endocrin- 
ology: water and electrolyte metabolism 
(Chester Jones and Phillips, Sheffield), 
iodine metabolism (Hickman, Edmon- 
ton), and the nature of thyrotropin 
(Fontaine and Fontaine, Paris). In 
addition, Ghosh (Calcutta) presented a 
paper on the avian adrenal. 

Pigmentary phenomena, in a session 
with Li as chairman, were considered 
in crustaceans (Fingerman and Aoto, 
New Orleans and Sapporo), insects 
(Joly, Strasbourg), amphibians (van 
Oordt and Burgers, Utrecht), and 
mammals including man _ (Shizume, 
Mori, and Lerner, Tokyo and New 
Haven). Shizume’s presentation em- 
phasized the mode of action of inter- 
medin and other pigment-influencing 
factors and led to a rewarding discus- 
sion. A session on neuroendocrine phe- 
nomena, with Welsh (Cambridge, 
Mass.) as chairman, included a gen- 
eral consideration of neurosecretory 
cells (Bern, Berkeley) and three pa- 
pers on hypothalamo-hypophyseal re- 
lations: two on amphibians (Voitke- 
vich, Voronezh; Etkin, New York) 
and one on birds (Farner, Wolfson 


and Kobayashi, Pullman, Evanston, 
and Tokyo). Hormonal regulation on 
behavioral phenomena was considered, 
in a session with Benoit (Paris) as 
chairman, in insects (Hodgson, New 
York) and in fish (Baggerman, Gron- 
ingen; Hoar, Vancouver). Marshall 
(Clayton) commented on the problem 
of physiologic races in birds. 

Two sessions, with Gallien (Paris) 
and van Oordt (Utrecht) as chairmen, 
were devoted to integration of repro- 
ductive functions in a variety of ani- 
mal groups. The annelids were sur- 
veyed by Durchon (Lille) and the crus- 
taceans, with special emphasis on the 
androgenic gland, by Charniaux-Cotton 
(Gif-sur-Yvette). Reproductive phe- 
nomena in  elasmobranchs (Chieffi, 
Naples), teleosts (Egami and _ Ishii, 
Tokyo; Ramaswami, Jodhpur), amphi- 
bians (Ramaswami), birds (Benoit), 
and mammals (Takewaki, Tokyo) were 
all considered. Mitskevich (Moscow) 
contributed a paper on the hormonal 
relationship between mother and fetus 
in mammals. 

Hormones in relation to development 
were covered in the final two sessions, 
with Mitskevich and Bern as chair- 
men. Extensive attention was paid to 
the important work being done on in- 
sect metamorphosis and related phe- 
nomena, by Wigglesworth (Cambridge, 
England), Gersch (Jena), Williams 
(Cambridge, Mass.), Ichikawa (Ky- 
oto), and Fukuda (Matsumoto). Gene- 
hormone interaction in sexual differen- 
tiation was discussed in fish by Yama- 
moto (Nagoya) and in amphibians by 
Gallien. A paper by Witschi and Dale 
(Iowa City) on steroid hormones in 
early vertebrate development  con- 
cluded the symposium. 

There were excellent opportunities 
for scientific and social exchange at 
the symposium. A panel, organized and 
headed by Emil Witschi, devoted an 
afternoon to considering “perspectives 
in endocrinology.” Panelists included 
the scientific attaché of the U.S. Em- 
bassy in Tokyo, W. R. Boss; R. T. Hill 
from the National Institutes of Health, 
Bethesda; R. K. Meyer (Madison); T. 
Uchida (Sapporo), president of the 
Zoological Society of Japan; and Be- 
noit, Chester Jones, Karlson, Mitske- 
vich, Wigglesworth, and Williams. 

No symposium could cover the sub- 
ject matter in question without some 
appreciable gaps. In the present in- 
stance, despite the breadth of coverage, 
one could wish there had been papers 
on the important recent work on the 
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The all-new, 
all solid-state 
Philbrick 


P2 amplifier 





NO TUBES, NO CHOPPERS, NOTH- 
ING BUT PERFORMANCE. An 
ingenious arrangement of all 
solid-state components endows 
this operational amplifier with 
the most remarkable and ver- 
satile characteristics. But let’s 
let them speak for themselves. A 
Full differential input: truly float- # 
ing with respect to ground. 
No common mode error. Low 
input current: typically 10°" 
amps. Low noise: typically 
under 10 microvolts in the 
+ dc to 1 ke range. Sub millivolt 
Wy long term stability: less than 
+ 100 microvolts drift per day. 
Cool running: typically 330 milli- 
watt dissipation. Wide band 
pass: typically 75 ke as a unity 
' gain follower. High open loop 
* gain: typically 30,000. $210 


Truly low cost: 

Use the P2 for instrumenta- 
tion, analog computation, and : 
other applications requiring =~ 
high reliability and accuracy. 
Discover its marvelous ver- : 
satility and convenience. Add, /4 
integrate, scale, invert with it. : 
Take advantage of its differ- | 
ential inputs to perform very 
high impedance voltage follow- 
ing (or amplification), precise 
current driving, and many 
other useful applications. The 
P2’s output delivers 1 ma at 
+10 volts. The cast alumi- 
num housing fits right in 
your hand. 

Please write for further information 
to: 
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molecular and functional evolution of 
neurohypophyseal principles associated 
with the names of W. H. Sawyer, H. 
Heller, and J. Maetz; on higher nervous 
centers as they impinge upon the hypo- 
thalamo-hypophyseal complex; and on 
the insect subesophageal ganglion as an 
endocrine structure. Crustacean neuro- 


endocrinology, too, was only touched 
upon. 
The 4th International Symposium 


will be held in Paris in 1964, under the 
leadership of Louis Gallien. It will face 
the challenge of maintaining the high 
quality of the first three symposia and 
of providing continued coverage of 
“frontier” areas in the growing field of 
comparative endocrinology. 

Howarp A. BERN 
Department of Zoology, 


University of California, Berkeley 
Forthcoming Events 
September 

1-5. Danube Research, intern. symp., 
Budapest, Hungary. (Biological Sciences 
Group, Hungarian Acad. of Sciences, 
Roosevelt Tér. 9, Budapest V) 

1-9. Topology and Its Methods in Other 


Mathematical Disciplines, symp., Prague, 
Czechoslovakia. (Organizing Committee, 
Ke Karlovu 3, Prague 2) 

I—/0. International Pharmaceutical Stu- 
dents’ Federation, 7th congr., Munich, | 
Germany. (U. Peto, 10 Groffstr., Munich | 
19) 

2-7. International Assoc. for Quater- | 
nary Research, Warsaw, Poland. (R. 
Galon, Secretary General, INQUA, Geo- 








| congr., 


| 


graphical Inst. Univ., Torun, Poland) 

2-9. International Soc. of Surgery, 
Dublin, Ireland. 
nell, 35 Fitzwilliam Pl., Dublin) 

3-7. International Assoc. for 
Research, 9th congr., Belgrade, 
via. (H. J. Schoemaker, 
Laboratorium, Raam 61, 
lands) 

3-8. American Chemical Soc., 
meeting, Chicago, Ill. (A. T. err” 
National Meetings Dept., ACS, 1155 
ai NW, Washington 6) 

-—9. International Federation of Gy- 
amnaliay and Obstetrics, 3rd world congr., 
Vienna, Austria. (V. Griinberger, 
zinische Akademie, Alserstrasse 4, Vienna | 
9) 

3-10. Inter-American Congr. of Radiol- 
ogy, 7th, Sao Paulo, Brazil. (W. Bomfim- 
Pontes, Rua Cesario Motta 112, Sao 
Paulo) 

4. World Federation for Mental Health, 
14th annual, Paris, France. (WFMH, 19 
Manchester St., London, W.1, England) 

4-6. International Assoc. for Shell 
Structures, colloquium, Brussels, Belgium. 
(Prof. Dutron, 127 Avenue Adolphe Buyl, 
Brussels 5) 

4-6. International Symp. on the Earth 
Storm, Kyoto, Japan. (T. Nagata, Science 
Council of Japan; Ueno Park, Tokyo) 


(T. C. J. O’Con- 
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New 

Philbrick 6033 
solid-state 
power supply 


BALANCED OUTPUTS, COMPUT- 
ING GRADE. The 6033 is the 
latest addition in the distin- 
guished line of Philbrick power 
supplies. It will energize at 
least 10 Philbrick P2 ampli- 
fiers and other transistorized 
& electronic equipment. Like the 
* P2, its remarkable character- 
istics speak for themselves. 
Low internal impedance; less than 
2 milliohms. Low noise and 
hum: guaranteed less than 150 
microvolts rms (0.001%). Highly 
regulated outputs: against load, 
less than 300 microvolts; against 
line, less than 200 microvolts. 
Low long term drift: typically 
0.1%. Short transient recovery 
time: no load to full load, 
less than 1 millisecond. Unique 
short circuit overload protection: 
inherent in the 6033’s design 
with no extra circuitry to de- 
teriorate performance. Truly 
low cost; about half that of 


supplies with comp- 
se 8 performance: $285. 
Operates from 115 volt, 
59-400 cycles, providing up 
to 150 ma at plus AND minus 
15 volts, slaved to a common 
reference. Conveniently pack- ~ 
aged, cool running, and highly ‘Y 


wtttten. 





its eS SOE A: 


reliable. Available as bench 
model or modular plug-in. 
Bench model dimensions: 


34" h x 54%" wx 7%" d. 
Also available with 300 ma | 
output. 

Complete facts are waiting for you. 
Please write: 
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4-7. Neuropathology, 4th intern. congr., | 
Munich, Germany. (W. Haymaker, Armed 
Forces Inst. of Pathology, Walter Reed 
Army Medical Center, Washington 25) 

4-7. Rheumatology, 10th intern. congr., | 
Rome, Italy. (C. B. Ballabio, Clinica 
Medica Generale, Via F. Sforza 35, Milan. 
Italy) 

4-8. Low Energy Nuclear Physics, 
intern. conf., Manchester, England. (L. J. 
B. Goldfarb, Physics Dept., Univ. of Man- 
chester, Manchester) 

4-8. Pharmaceutical Sciences, 2st 
intern. congr., Pisa, Italy. (Intern. Phar- 
maceutical Federation, 11 Alexander- 
straat, The Hague, Netherlands) 

4-8. Plasma _ Physics 
Nuclear Fusion Research, conf., Salzburg, | 
Austria. (Intern. Atomic Energy Agency, | 
United Nations, New York, N.Y.) 

4-9. International Assoc. for Analog 
Computation, 3rd intern. sessions, Bel- 
grade, Yugoslavia. (D. Strujic, Decan- 
ska 14/I1V, Belgrade) 


4th, Prague, Czechoslovakia. (Z. Reinis, 
4th Medical Clinic, Prague 2/499) 

4-9. International Symp. on Funda- 
mental Problems in Turbulence and Their 
Relation to Geophysics (by invitation), 
Marseilles, France. (Intern. Union of 
Geodesy and Geophysics, 53 Avenue de 
Breteuil, Paris 7) 

4-9. Laurentian Hormone Conf., Ho- 
berg’s Resort, Lake County, Calif. (Com- 
mittee on Arrangement of the Laurentian 
Hormone Conference, 222 Maple Ave., 
Shrewsbury, Mass.) 

4-13. Inter-African Conf. for Food and 
Nutrition, 4th, Bukavu, Congo Republic. 
(Commission for Technical Cooperation in 
Africa South of the Sahara, Pvt. Mail Bag 
2359, Lagos, Nigeria) 

4-14. Anglo-American Aeronautical 
Conf., 8th, London, England. (Inst. of 
Aerospace Sciences, 2 E. 64 St., New York, 
N.Y.) 

5-8. International Congr. of Homeo- 
pathic Medicine, 25th, Amsterdam, Nether- 
lands. (J. L. Fonteijn, Westzijde 116, 
Zaandam, Netherlands) 

5-8. Machine Translation of Languages 
and Applied Language Analysis, intern. 
conf., Teddington, England. (L. Dostert, 
Director, Machine Translation Research, 
Georgetown Univ., 1715 Massachusetts 
Ave., NW, Washington 6) 

5-8. National Chemical Exposition, 
llth, Chicago, Ill. (Chicago Section, 
American Chemical Soc., 86 E. Randolph 
St., Chicago 1) 

6-8. Effects of Ionizing Radiations on 
Immune Processes, intern. symp., Lawr- 
ence, Kan. (C. A. Leone, Dept. of Zool- 
ogy, Univ. of Kansas, Lawrence) 

6-8. Transmission and Processing of 
Information, intern. symp., Boston, Mass. 
(R. M. Fano, Research Laboratory of 
Electronics, Massachusetts Inst. of Tech- 
nology, Cambridge 39) _ 

6-12. Human Genetics, 2nd __ intern. 
conf., Rome, Italy. (L. Gedda, 5 Piazza 
Galeno, Rome) 

7-8. Pacific Slope Biochemical Conf., 
annual, San Diego, Calif. (R. G. Wolfe, 
Chemistry Dept., Univ. of Oregon, 
Eugene) 

7-9. International Cardiovascular Soc., 
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High-precision engineering 


and design 
know-how bring you the rugged SERVALL 


Omni-Mixer for homogenizing, blending, 
mixing and disintegrating a wide range of 
materials in capacities from 0.5 ml to 2,000 
ml (approx). Basic Macro Unit accepts a 
variety of stainless steel mixing chambers as 
well as inexpensive Mason jars, and the 
Micro-Homogenizer Attachment (optional). 
All stainless steel chambers are 
seamless, fluted, and have “mir- 
ror-like” inner finish. Chambers, 
Covers, and Rotor-Knife Blade As- 
semblies are removable as units for 
loading and unloading, and are quickly dis- 
assembled for autoclaving. Chambers may 
be lowered easily into temperature-control 
baths. The SERVALL Omni-Mixer has con- 
venient top drive with heavy-duty, high- 
torque motor. For Rotor-Knife Blade Assem- 
blies, Teflon bearings are available and 
may be fitted in the field by the operator 
on all late-model Omni-Mixers. Speeds: to 
16,000 rpm and above with Macro Units; 
to 50,000 rpm with Micro Unit. ASK FOR 
BULLETIN SC-80M 





SERVALL ‘‘Porter-Blum’’ — the 
Ultra-Microtome that ‘“‘sets the 
Standard’’ for cutting ultra-thin 


sections ('/2 to 1/40 micron) for 
electron microscopy. ASK FOR 
SCB-8MT. 


BULLETIN 
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STANDARD 


PRESENTS 
The Chronofrac, 
Model VP-| 


A Thoroughly Tested... Fully 
Guaranteed ... Vapor-Phase 
Chromatograph... 


At Last! Routine Gas Analy- 
sis and Quality Control 
Through Chromatography... 
At a Price Everyone Can 
Afford. 


SIMPLE OPERATION 
Anyone can operate the 
Chronofrac ... No extensive 
training required. 

EASY INSTALLATION 
Provide a source of carrier 
gas ...a power supply... 
attach a recorder. That's all 
there's to it. 


WIDE RANGE ANALYSIS 
Combustion products... flue 
gases... natural and cylinder 
gases ... alcohols thru C, 
...in fact almost any raw ma- 
terials or products with boil- 
ing points to 105°C. 

DUAL DETECTION 
Catalytic combustion and 
thermal conductivity. 


NO-DRIFT BASELINE 
STABILITY 
EXCELLENT SENSITIVITY 
5-STEP ATTENUATION 
COMPACT —less than 1 sq. ft. 
CAT. NO. $46493 
ONLY $250 





STANDARD SCIENTIFIC 
Scpeply Corp. ween’ 








5th congr., Dublin, Ireland. (H. Haimovici, 
715 Park Ave., New York 21) 

7-9. Parapsychological Assoc., 4th an- 
nual congr., New York, N.Y. (C. B. Nash, 
St. Joseph’s College, Philadelphia, Pa.) 

7-10. Science News Writing Seminar, 
Colorado State Univ., Fort Collins. (M. 
G. Payne, Colorado State Univ., Research 
Fouadation, Fort Collins) 

7-11. European Orthodontic Soc., 37th 
congr., Bologna, Italy. (N. Gray, 16 Col- 
lege Rd., Eastbourne, Sussex, England) 


7-12. Neurogenetics, symp., Rome, 
Italy. (L. Gedda, Instituto Gregorio 
Mendel, - Viale Regina Margherita 261, 
Rome) 


7-13. Electroencephalography and Clini- 
cal Neurophysiology, Sth intern. congr., 
Rome, Italy. (R. Vizioli, Viale Universita 
30, Rome) 

10-14. Tuberculosis Conf., 16th intern., 
Toronto, Canada. (C. W. L. Jeanes, 265 
Elgin St., Ottawa, Ont., Canada) 

10-15. Neurology, 7th intern. congr., 
Rome, Italy. (G. Alema, Viale Universita 
30, Rome) 

10-17. International Union of Forest 
Research Organizations, 13th  congr., 
Vienna, Austria. (Forest Research Inst., 
IUFRO Bureau, Vienna 89) 

11-13. European Organization for 
Quality Control, Sth congr., Turin, Italy. 
(Weena 700, Rotterdam, Netherlands) 

11-14, International Flax and Hemp 
Federation, 12th congr., Lisbon, Portugal. 
(IFHF, 37 rue de Courcelles, Paris 8) 

11-15. Cosmic Rays, 7th intern. conf., 
Kyoto, Japan. (Y. Sekido, Science Coun- 
cil of Japan, Ueno Park, Tokyo) 

11-15 Cybernetics, 3rd intern. congr., 


Namur, Belgium. (Intern. Assoc. for 
Cybernetics, 13. rue Basse-Marcelle, 
Namur) 

11-15. Instrument Soc. of America, 


instrument-automation conf. and exhibit, 
16th, Los Angeles, Calif. (W. H. Kush- 
nick, 313 Sixth Ave., Pittsburgh 22, Pa.) 

11-15. Marine Sciences Instrumentation, 
symp., Woods Hole, Mass. (D. D. Ket- 
chum, Woods Hole Oceanographic Institu- 
tion, Woods Hole, Mass.) 

11-15, Radioecology, symp., Fort Col- 
lins, Colo. (Miss A. Barker, American 
Inst. of Biological Sciences, 2000 P St., 
NW, Washington 6) 

11-16. International Union for the 
Scientific Study of Population, 12th 
congr., New York, N.Y. (C. V. Kiser, 
Milbank Memorial Fund, 20 Wall St., 
New York 5) 

11-16. University of 
intern. scientific congr., 
(University of Hong Kong, Hong Kong) 

11]-19, International Congr. of Naviga- 
tion, 20th, Baltimore, Md. (E. W. Adams, 
Jr., 22 Light St., Baltimore 2) 

11-21. International Cloud Physics 
Conf., Canberra and Sydney, Australia. 
(E. G. Bowen, Commonwealth Scientific 
and Industrial Research Organization, 
University Grounds, Sydney) 

12-13. International Federation of Sur- 
gical Colleges and Societies, 4th annual 
Oslo, Norway. (K. Cassels, IFSC Office, 
Royal College of Surgeons of England, 
Lincoln’s Inn Fields, London, W.C.2) 

12-15. International Pharmaceutical 
Federation, 19th general assembly, Athens, 


Hong’ Kong, 


Hong Kong.’ 





Greece. (J. H. M. Winters, Alexander- 
straat 11, The Hague, Netherlands) 

12-15. Mass Spectrometry, conf., Ox- 
ford, England. (W. J. Brown, Instrumenta- 
tion Div., A.E.I. (Manchester) Ltd., Traf- 
ford Park, Manchester 17, England) 

15-20. World Medical Assoc., 15th gen- 
eral assembly, Rio de Janeiro, Brazil. 
(L. H. Bauer, 10 Columbus Circle, New 
York 19) 

13-16. European Congr., of Gerontol- 
ogy, 3rd, Amsterdam, Netherlands. (A. J. 
S. Douma, Haanplein 8, The Hague, 
Netherlands) 

14-17. Chemotherapy, 2nd intern. 
symp., Naples, Italy. (P. Preziosi, Casella 
postale 266, Naples) 

14-20. High Energy Physics, intern., 
Aix-en-Provence, France. (E. W. D. Steel, 
European Organization for Nuclear Re- 
search, Geneva 23, Switzerland) 

16-20. German Soc. for the History of 
Medicine, Physical Science and Technol- 
ogy, Augsberg, Germany. (G. Mann. Sec- 
retary, Wilhelmplatz 7, Bonn, Germany) 

16-27. International Scientific Film 
Assoc., 15th congr., Rabat, Morocco. (M. 
Afifi, 85 Ibn Toumert, Rabat) 

18-2. World Meteorological Organiza- 
tion, Commission for Aerology, 3rd _ ses- 
sion, Rome, Italy. (WMO, 1 Avenue de la 
Paix, Geneva, Switzerland) 

18-20. Applied Spectroscopy, 8th symp., 
Ottawa, Canada. (R. Lauzon, Div. of Pure 
Chemistry, National Research Council, 
Ottawa, Ont.) 

18-21. Embryological Conf., 5th intern., 
London, England. (L. Brent, Dept. of Zo- 
ology, University College, London, Grover 
St., London, W.C.1) 

18-22. International Congr. of Neuro- 
radiology, 6th Rome, Italy. (E. Valentino, 
CIT, Ufficio Congressi, Piazza Colonna 
193, Rome) 

18-23. Speleology, 3rd intern. congr., 
Vienna, Austria. (Generalsekretariat des 
3rd_—siInternationalen' CKongresses fiir 
Speliologie, Obere Donaustr. 99/7/1/3, 
Vienna 2) 

18-25. International Seaweed Symp.. 
4th, Biarritz, France. (M. Barriety, Centre 
Scientifique, B. P. 28, Biarritz.) 

19-21. International Mechanical Pulp- 
ing Conf., 4th, Chicago, Ill. (J. H. Perry, 
Norton Co., Worcester, Mass.) 

19-29, International Conf. on _ Fish 
Nutrition, Washington, D.C. (FAO, Intern. 
Agency Liaison Branch, Office of the Di- 
rector General, Viale delle Terme di 
Caracalla, Rome, Italy) 

19-22. Australian Conf. on Food Tech- 
nology, Homebush (near Sydney), Aus- 
tralia. (T. B. Partridge, Australian Scien- 
tific Liaison Office, 1907 K St., NW, Wash- 
ington 6) ; 

19-22. International Office of Docu- 
mentation of Military Medicine, 23rd ses- 
sion, Athens, Greece. (Intern. Committee 
of Military Medicine and Pharmacy, H6- 
pital Militaire, 79 rue Saint Laurent, 
Liége, Belgium) 

20-21. Industrial Electronics, symp., 
Boston, Mass. (W. M. Trenholme, General 
Electric Co., West Lynn, Mass.) 

21-22. Conference on Radiofrequency 
Spectroscopy in Solids, Bangor, Wales. 
(Physical Soc., 1 Lowther Gardens, Prince 
Consort Rd., London, S.W.7, England) 
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ELECTRONIC 
VARIABLE-SPEED 


AC CONTROLLER and 
Matching D6 MOTOR 


2T60 ELECTRONIC CONTROLLER 
with matching 1/50 H.P. DC MOTOR free : 


*87 


Complete, F.O.B., 
Las Vegas, 
Nevada 
SPECIFICATIONS 


@ Thyraton tube operated controller 
gives stepless operation @ Input: 
110-120 V., 60 cy. single phase @ 
Output: 0-120 V., 200 ma. DC to 
armature @ 1/50 H.P. ball bearing, 
right angle, gear head, shunt wound, 3/4H.P. motors 
DC motor @ Reversible @ Armature évaltabie 
shaft is extended @ Armature speed F 

0 to 4000 R.P.M. @ Motors in gear Request data. 
ratios: 6, 18, 30, 36, 60, 100, 300, 

540, and 1120:1 in stock. 


GERALD K. HELLER CO. 


2673 South Western Street, Las Vegas, Nevada, P.O. Box 4426 












Other models to 

















Atomic Energy of 
Canada Limited 


NEW THIN FILM 
' NRC VACUUM COATER 
Here’s a newly-designed vacuum evaporation system 


for research and development in electronics, optics, 
infrared and semi-conductor products. 


The NRC Model 3166 Exclusive Features 
NEW ELECTRIC HYDRAULIC HOIST to raise and 


lower bell jar. 


NEW NRC 6” fractionating 4-stage diffusion pump 
(Model HS6-1500) rated 1550 liters/sec., 750 micron 
forepressure tolerance. 


ALL CONTROLS ON FRONT PANELS, for easy 
reading and operation, and less floor space 
required. 


FULL OPENING, straight-through high conduct- 
ance gate valve. 


NEW CIRCULAR CHEVRON BAFFLE 
COLD TRAP, for more even cooling of chevron 
plates, prevention of backstreaming, and cryo- 
genic pumping of condensable vapors. 


LARGE BASE PLATE has 17 elec- 
tric and mechanical feed-through 
seals all identically sized( 1" diam- 
eter) for greater flexibilityand pos- 
sible different arrangements of 
feed-through in base plate—either 
18" or 24" diameter bell jar can be 
used interchangeably. 





i 
i 
i 













NRC 


EQUIPMENT 
CORPORATION 


Write or call for data 
sheet and prices 
for the Model 3166 
Vacuum Coater. 


A Subsidiary of National Research Corporation 
160 Charlemont Street, Dept. 25H 
Newton 61, Massachusetts 
DEcatur 2-5800 












—offers a complete 


Readily available in large quantities 
in versatile Pellet and Slug Forms. 
Sealed in a wide range of “Weldcap” 
stainless steel capsules. 


COBALT 60 Radiation provides 
reliability, simplicity, penetrating 
high energy and precise dose 
control. 


Inquiries are welcome on any aspect of 
gamma_ irradiation, — source design to 
stringent output and uniformity specifica. 
tions, irradiator design and fabrication, 
consulting services—or perhaps one of 
our standard Gammacell irradiators will 
suit your purpose, 
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. £ 
DEvaune 


60 


To} 5) fed a 7, fej = 
and SERVICE 


for 
Gamma Irradiation 
Research 


NADA LIMITED 
93- Ottawa « Canada 








21-23. French Medical 


Congr., 33rd, 


Paris. (C. Laroche, 34 rue de Bassano, 
Paris 8) . 

24-27. American Inst. of Chemical 
Engineers, Lake Placid, N.Y. (E. R. 


Smoley, 30 School Lane, Scarsdale, N.Y.) 

25-29. European Committee of Liaison 
for Cellulose and Paper, symp., Oxford, 
England. (British Paper and Board Makers’ 
Assoc., Technical Section, St. Winifred’s, 
Welcomes Rd., Kenley, Surrey, England) 

25-30. Magnetism and Crystallography, 
intern. conf., Kyoto, Japan. (Science Coun- 
cil of Japan, Ueno Park, Tokyo) 

26-30. European Congr. of Aviation 
Medicine, 6th, Paris, France. (CERMA, 5 
bis Avenue de la Porte de Sévres, Paris 
15) 

27-3. International Union of Theoretical 
and Applied Mechanics, Kiev, U.S.S.R. 


NOW...7 MORE 
VALUES FOR 











(Y. A. Mitropolsky, Scientific Committee, 
Kalinin pl. 6, Mathematical Inst., Kiev) 

28-29. European Conf. of Chemical 
Engineers, Toulouse, France. (Soc. of In- 
dustrial Chemistry, 28 rue .Saint-Domini- 
que, Paris 7, France) 


October 


1-3. Council for Intern. Organizations 
of Medical Sciences, Paris, France. 
(CIOMS, 6 rue Franklin, Paris 16) 

1-4. Process Engineers, annual, Vienna, 
Austria. (Osterreichischer Intenieur- und 
Architektenverein, Eschenbachgasse 9, Vi- 
enna 1) 

1-5. Electrochemical Soc., Detroit, 
Mich. (Electrochemical Soc., Inc., 1860 
Broadway, New York 23) 

1-7. International Special Committee on 





Cor, rum d 
"1 Pte 
bes eir® the 
rm, io nal ,. 
aly, 


YOUR CLINICAL: 
CHEMISTRY DETERMINATIONS 


Hyland Clinieal Chemistry Control Serums are useful as | 
CONTROLS, run in parallel with unknowns as checks | 


on equipment, reagents and technic, or as STANDARDS 
to calibrate equipment and standardize reagents. Pre- 
pared from freshly drawn human blood, they have the 
same natural constituents as your specimens. Freeze-dried 
for STABILITY, they are prepared for use simply by the , CHEMISTRY 
“addition of distilled water. After reconstitution they 
‘remain stable for five days (except for glucose) when 


stored under refrigeration. 


Supplemental Normal Clinical Chemistry Control Serum: 
5 et vials, box of 3 vials (list no. 36-935) at $5.50. 


Abnormal Clinical Chemistry Control Serum: 


Serum: 5 ce vials, box of 6 vials (list no. 36-905) at $9.00, | Glucose 


HYLAND 
LABORATORIES 


4501 Colorado Blvd., Los Angeles 39, Calif. 


Branch Office: 160 Lockwood Ave., Yonkers, New York 
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5 ee vials, 
box of 3 vials (list no. 36-835) at $5.50 or 6 vials (list 
no. 36-865) at $9.00. Normal Clinical Chemistry Control = 


| 
| Ge | 
} 
| NORMAL | ae, 
' | CLINICAL | 
vase | CHEMISTRY 
i | CONTROL 
| CONTROL — | 
PROVIDING NORMAL | eaoveun Eevares 
VALUES FOR: 
Albumin t bresar sh se 
Calcium tAlkaline Phosphatase 
Chloride 





Bilirubin 
Caleium 


C Ney sterol 
Cri Chloride 






G lol in Creatinine 
Glucose 
fLactic Dehydrogenase 
on-protein Nitrogen 
Phosphorus, inorganic 
Potassium 
eat bound Iodine 





Non-protein Nitroge n 
Phosphorus, inorganic 
Potassium 

Protein- boand lodine 
Protein, tota 


Sodium ium 

i ieagerge co (SGO-T) Crramtaminses (SGO-T) 
Urea Nitrogen Urea Nitrogen 
Uric Acid Uric Acid 








¢Component represents actual enzyme activity 


| hagen, 
Charlottenlund, Denmark) 


‘ (NEC, 228 N. La Salle St., 





Radio Interference, plenary session, Phila- 
delphia, Pa. (S. D. Hoffman, American 
Standards Assoc., 10 E. 40 St., New York 
16) 

1-8. International Congr. of Industrial 
Chemistry, 33rd, Bordeavx, France. (So- 
ciété de Chimie Industrieiic, 28 rue Saint- 
Dominique, Paris 7, France) 

2-4. Communications Symp., 7th natl., 
Utica, N.Y. (R. K. Walker, 34 Bolton Rd., 
New Hartford, N.Y.) 

2-7. International Astronautical Feder- 
ation, 12th congr., Washington, D.C. 
(American Rocket Soc., 500 Fifth Ave., 
New York 36) 

2-7. Inter-Regional Leprosy Conf., 
Istanbul, Turkey. (WHO, Regional Office 
for Europe and Regional Office for the 
Eastern Mediterranean, 8 Scherfigsvej, 
Copenhagen @, Denmark) 

2-7. Climatic Change, symp., Rome, 
Italy. (UNESCO, Place de Fontenoy, 
Paris 7, France) 

2-1/1. International Council for the Ex- 
ploration of the Sea, 49th annual, Copen- 
Denmark. (Charlottenlund Slot, 


3-5. Physics and Nondestructive Test- 
ing, symp., Argonne, Ill. (W. J. McGon- 
nagle, Argonne Natl. Laboratory, 9700 S. 
Cass Ave., Argonne) 

3-8. Aerosol Congr., 3rd 
cerne, Switzerland. (Federation of Euro- 
pean Aerosol Assocs., Waisenhaustrasse 
2, Zurich, Switzerland) 

4-10. Latin American Congr. of Elec- 
troencephalography, Sth, Mexico, D.F. 
(J. Hernandez Paniche, Instituto Mexicano 
de Seguro Social, Hospital La Raza, Mexi- 
co; Dea 

4-10. Latin American Congr. of Neuro- 
surgery, 9th, Mexico, D.F. (J. H. Mateos, 
Tonala No. 15, Mexico 7, D.F.) 

6-7. American Medical Writers’ Assoc.. 
New York, N.Y. (S. O. Waife, P.O. Box 
1796, Indianapolis 6, Ind.) 

6-8. Therapeutics, 7th intern. congr., 
Geneva, Switzerland (P. Rentchnick, Case 
Postale 229, Geneva 2) 

8-10. Zooplankton Production, symp., 
Copenhagan, Denmark. (J. H. Frazer, Ma- 
rine Laboratory, P.O. Box 101, Victoria 
Rd., Aberdeen, Scotland) 

8-11. Society of American Foresters, 
Minneapolis, Minn. (H. Clepper, SAF, 425 
Mills Bldg., Washington 6) 

8-1/3. American Acad. of Ophthalmol- 
ogy and Otolaryngology, Chicago, Ill. (W 
L. Benedict, 15 Second St., SW, Rochester, 
Minn.) 

9-11. National Electronics Conference 
and Exhibition, 17th annual, Chicago, III. 
Chicago, 1) 
and Research 
11th annual, Bethesda, 


intern., Lu- 


9-12. Instrument Symp. 
Equipment Exhibit, 


Md. (J. B. Davis, Natl. Institutes of 
Health, Bethesda 14) 
9-12. Water Pollution Control Feder- 


ation, 34th annual, Milwaukee, Wis. (R. E. 
Fuhrman, 4435 Wisconsin Ave., NW, 
Washington 16) 

9-13. American Rocket Soc., space flight 
meeting, New York, N.Y. (ARS, 500 Fifth 
Ave., New York 36) 

9-13. Luminescence of Inorganic and 
Organic Systems, intern. conf., New York, 
N.Y. (Miss G. M. Spruch, New York 
Univ., Washington Sq., New York 3) 

10-12. Nuclear Reactor Chemistry, 2nd 
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LOOKING FOR 
SOMETHING? 


9? 





- enough, electron micro- 
scopy is sure to help. 
More power to you if 
you select a Norelco 
instrument — and this 
is why! 

Beginning with the 
EM-75, Norelco offers a 
low priced screening 
and general service tool 
for use in areas requiring approximately 30 Ang- 
stroms resolution. No microscope is made which 
compares with the trouble-free workhorse features 
of this instrument. And to add to its value —it is 
readily convertible into 
a projection X-ray mi- 
croscope for morpho- 
logical evaluations of 
opaque materials. 

The EM-100 provides 
resolution in the area of 
15 Angstroms and has 
had tremendous world- 
wide acceptance. It has 
many outstanding fea- 




















tures like the Norelco immersion lens which alone | 


makes possible many unusual techniques such as 
free manipulation and even deformation of the 
specimen while under observation. 

Newest in the Norelco 
line is the EM-200 with 
a resolution of less than 
10 Angstroms. This is 
the ultimate in highest 
possible performance — 
unsurpassed for organic 
and inorganic struc- 
tural research studies. 
Information is readily 
available on this or any 
of the Norelco Electron 
Optical Instruments 
simply by writing 








If whatever you are | 
looking for is small | 





Philips Electronic 
Instruments, Mount 
Vernon, New York. 
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KRYOMAT 


LOW TEMPERATURE CIRCULATORS 


TABLE MODEL TO ™<30) (> 


CONSOLE MODELS TO -80°C 





width: 171/2” 
depth: 191/2” 
height: 30” 



















Introducing the world’s first table model 
Kryomats for low temperature control—offered 
in two models. Range from +20 to —30°C. 


A separate line of instruments, Ultra Kryostats, 
for variable control or measurements between 
-+-40 and —80°C, are also available. Air or 
water cooling, built-in timer and accuracy to 
-£0.02°C are just a few of the many outstand- 
ing features of these instruments. 

Most important is the unique and exclusive use 
of a secondary cooling system instead of con- 
ventional compensating heaters. 


for all your temperature control problems 
between—80°C and+3800°C, contact: 


auda Instruments, Inc. 
P.O. Box 422 Great Neck, N.Y. 
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TODAY'S 
BEST BUY IN 
AUTOMATIC 
TEST-DATA 
INTEGRATION 


ELECTRONIC 
INTEGRATOR 
PX 592 
















IDEAL FOR USE WITH 
GAS CHROMATOGRAPHS 
In just a few short months RIG’s new Elec- 
tronic Integrator PX 592 has won wide ac- 
claim as the ideal answer to a long-standing 


need among users of analytical instruments: 

An inexpensive accessory instrument for use 

with standard recorders to automatically in- 

tegrate test data with the inherent precision 

and accuracy of the recording instrument 

itself. 

Check and compare the PX 592’s remark- 

ably low price and outstanding operating 

features . . . and you'll see why so many 

companies hail it as today’s best buy. 

* Can be used with any standard servo-drive 
recorder. 

¢ Records both variable and integral with one 
pen (see chart above). 

¢ Resets automatically at full-scale integral 
reading. 

« Excellent long-term day after day repeatability. 

¢ Built-in adjustable threshold minimizes noise 
and zero errors. 

¢ Integral time constant is three days. 


¢ Pipping pen may be used to display each 
reset. 


¢ Continuous integral recording possible using 
2nd pen. 


¢ Special low-cost control unit available for 
automatic readout and reset. 
write for Bulletin No. 041. 


<5 RIDGEFIELD 


INSTRUMENT GROUP 


a Schlumberger division 
Ridgefield, Conn., P.0. Box 337, IDiewood 8-6571 





For complete details, 
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conf., and Analytical Chemistry in Nu- 
clear Reactor Technology, Sth conf., Gat- 
linburg, Tenn. (Oak Ridge Natl. Labora- 
tory, P.O. Box X, Oak Ridge, Tenn.) 
10-20. International Committee for Bi- 
ological Control, Tunis. [P. Grison, Labo- 
ratoire de Biocenotique et de Lutte Bio- 


logique, La Miniere, par _ Versailles 
(S.-et.-0.), France] 
11-13. Gaseous Electronics Conf., 


American Physical Soc., Schenectady, N.Y. 
(C. J. Gallagher, General Electric Re- 
search Laboratories, Schenectady, N.Y.) 

11/-14. Tau Beta Pi Assoc., Cincinnati, 
Ohio. (R. H. Nagel, Univ. of Tennessee, 
Knoxville) 

11—14. Western Inst. on Epilepsy, 13th 
annual conf., San Antonio, Tex. (F. Risch, 
3097 Manning Ave., Los Angeles, Calif.) 

12-13. Congress of Neurological Sur- 
geons, New York, N.Y. (E. Weiford, 4706 
Broadway, Kansas City 12, Mo.) 

12-29. Pacific Intern. Trade Fair, 2nd, 
technical meetings, Lima, Peru. (PITF, 
P.O. Box 4900, Lima) 

14-20. International Congr. of Neuro- 
logical Surgery, 2nd, Washington, D.C. 
(B. S. Ray, 525 E. 68 St., New York 21) 

15. American College of Dentists, Phil- 
adelphia, Pa. (O. W. Brandhorst, 4236 
Lindell Blvd., St. Louis, Mo.) 

15-20. American Inst. of Electrical En- 
gineers, fall general meeting, Detroit, 
Mich. (E. C. Day, AIEE, 33 W. 39 St., 
New York 18) 

15-20. International Congr. of AI- 
lergolgy, 4th, New York, N.Y. (W. B. 
Sherman, 60 E. 58 St., New York 22) 

15-21. Pan American Congr. of Endo- 
crinology, Sth, Lima, Peru. (M. San Mar- 
tin, Av. Central 325, San Isidoro, Lima) 

16-17. Engineering Writing and Speech, 
natl. symp., East Lansing, Mich. (J. D. 
Chapline, Philco Corp., 3900 Welsh Rd., 
Willow Grove, Pa.) 

16-17. Ionization of the Air, intern. 
conf., Philadelphia, Pa. (I. C. Kornblueh, 
American Inst. of Medical Climatology, 
1618 Allengrove St., Philadelphia 24) 

16-18. American Soc., of Safety Engi- 
neers, Chicago, Ill. (A. C. Blackman, 5 N. 
Wabash Ave., Chicago 2) 

16-18. Entomological Soc. of Canada 
and Entomological Sou of Quebec, Que- 
bec, Canada. (L. L. Reed, ESC, Neatby 
Bldg., Carling Ave., Ottawa, Canada) 

16-18. Metallurgy of Beryllium, intern. 
conf., London, England. (Secretary, Inst. 
of Metals, 17 Belgrave Sq., London, 
S.W.1) 

16-19. American Dental Assoc., Phila- 
delphia, Pa. (H. Hillenbrand, 222 E. Su- 
perior St., Chicago 11, Ill.) : 

16-19. Vacuum Science and Technol- 
ogy, 2nd intern. congr., Washington, D.C. 
(W. M. Welch, Intern. Organization for 
Vacuum Science and Technology, 1515 
Sedgwick St., Chicago 10, IIl.) 

16-20. American Ornithologists’ Union, 
Washington, D.C. (H. G. Deignan, U.S. 
National Museum, Washington 25) 

16-20. American Soc. of Civil Engi- 
neers, New York, N.Y. (W. H. Wisely, 33 
W. 39 St., New York 18) 

16-20. Symposium on the Programming 
and Utilization of Research Reactors, Vi- 
enna, Austria. (Intern. Atomic Energy 
Agency, Room 2249, United Nations, New 
York, N.Y.) 





17-19. Japan Conf. of Radioisotopes, 
4th, Tokyo. (R. Suga, Japan Atomic Indus- 
trial Forum, Inc., No. 1, 1-Chome, Shiba 
Tamura-cho, Minato-ku, Tokyo) 

18-20. Design of Experiments in Army 
Research, Development, and Testing, 7th 
conf. (by invitation only), Fort Monmouth, 
N.J. (F. G. Dressel, Army Research Office 
(Durham), Box CM, Duke Station, Dur- 
ham, N.C.) 

18-20. Optical Soc. of America, Los 
Angeles, Calif. (Miss M. E. Warga, 1155 
16 St., NW, Washington 6) 

19-20. International Geophysics Assoc., 
12th colloquium, Salzburg, Austria. (IGA. 
Freisaalgasse 31, Salzburg) 

19-21. Indiana Acad. of Science, Terre 
Haute. (E. D. Weinberg, Dept. of Bac- 
teriology, Indiana Univ., Bloomington) 

20-21. Shallow Water Research Conf., 
Atlantic Coast, Ist natl., Baltimore, Md. 
(D. S. Gorsline, Oceanographic Inst., 
Florida State Univ., Tallahassee) 

20-24. American Heart Assoc., annual, 
Miami Beach, Fla. (AHA, 44 E. 23 St., 
New York 10) 

23-25. International Scientific Radio 
Union and Inst. of Radio Engineers, fall 
meeting, Austin, Tex. (Miss H. E. Hart, 
U.S.A. Natl. Committee URSI, 2101 Con- 
stitution Ave., NW, Washington 25) 

23-25. Metallurgical Soc. of the Ameri- 
can Inst. of Mining, Metallurgical and 
Petroleum Engineers, fall meeting, Detroit, 
Mich. (AIME, 29 W. 39 St., New York 18) 

23-27. Metal Congr. and Exposition, 
43rd natl., Detroit, Mich. (A. R. Putnam, 
American Soc. for Metals, Metals Park, 
Novelty, Ohio) 

23-28. Congress of Chemical Engineer- 
ing, Ist, San Juan, P.R. (R. Munoz, 
Apartado 47, Estacién de Rio Piedras, San 
Juan) 

24-25. Shallow Water Research Conf., 
Guif Coast, Ist natl., Tallahassee, Fla. 
(D. S. Gorsline, Oceanographic Inst., Flor- 
ida State Univ., Tallahassee) 

24-26. Aerospace Nuclear Propulsion, 
intern. symp., Las Vegas, Nev. (P. M. Uthe, 
Lawrence Radiation Laboratory, Univ. of 
California, Box 808, Livermore) 

24-27. American Dietetic Assoc., 44th 
annual, St. Louis, Mo. (Mrs. T. Pollen, 
ADA, 620 N. Michigan Ave., Chicago 11, 
Ill.) 

26-27. American Soc. of Tool and 
Manufacturing Engineers, Toronto, Can- 
ada. (A. Cervenka, Vanderbilt Blvd., Oak- 
dale, L.I.,. N.Y.) 

26-27. Instrumentation Facilities for 
Biomedical Research, symp., Omaha, Neb. 
(H. G. Beenken, Univ. of Nebraska Col- 
lege of Medicine, 42 and Dewey Ave., 
Omaha) 

26-27. New Mexico Acad. of Science, 
Albuquerque. (K. G. Melgaard, P.O. Box 
546, Mesilla Park N.M.) 

26-28. Professional Group on Electron 
Devices, annual meeting, Washington, 
D.C. (I. M. Ross, Technical Program 
Chairman, Room 2A-329, Bell Telephone 
Laboratories, Murray Hill, N.J.) 

26-30. American Soc. for Aesthetics, 
Detroit, Mich. (J. R. Johnson, Cleveland 
Museum of Art, Cleveland 6, Ohio) 

27-28. Shallow Water Research Conf., 
Pacific Coast, Ist natl., Los Angeles, Calif. 
(D. S. Gorsline, Oceanographic Inst., 
Florida State Univ., Tallahassee) 
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SIGMA IS PLEASED T0 ANNOUNCE 
FURTHER PRICE REDUCTIONS 


As you know, the Sigma Catalog is growing rapidly. New 
items are becoming available faster than we can com- 
pile them into our list. In fact hundreds of compounds 
remain unannounced simply because our control labora- 
tory has not had the time to properly assay them. 

Prices are reduced regularly so even our newest catalog 

becomes obsolescent immediately. 

Some of the most important reductions are: 

B-DPN, Sigma Grade Now only $10.00 per gm 
(Diphosphopy Nucleotide) 6.00 per 500 mg 
Close to 100% Pure 3.60 per 250 mg 

B-DPNH, Sigma Grade Now only $24.50 per gm 
(Diphosphopy Nucleotide, 15.00 per 500 mg 
Reduced Form) 9.00 per 250 mg 

Almost 100% Pure and 4.50 per 100 mg 

substantially free of the 
a-lsomer 

TPN, Sigma Grade Now only $98.00 per gm 
(Triphosphopy Nucleotide, 35.75 per 250 mg 

10.75 per 50 mg 

TPNH, Type | Now only $29.50 per 100 mg 
(Triphosphopy Nucleotide, 17.90 per 50 mg 
Chemically Reduced Form) 10.75 per 25 mg 

TPNH, Type II Now only $31.00 per 100 mg 
(Triphosphopy Nucleotide, 18.50 per 50 mg 
Enzymatically Reduced Form) 11.10 per 25 mg 

L-Arginine Decarboxylase Now only $3.85 per 100 mg 

20.00 per gm 
L-Glutamic Decarboxylase Now only $5.00 per gm 
3.00 per 500 mg 

Histidine Decarboxylase Now only $10.00 per gm 
3.60 per 250 mg 

Now only $5.00 per gm 
3.00 per 500 mg 

2-Phosphoglyceric Acid Now only $53.00 per gm 
Barium Salt, 80% Minimum 6.25 per 100 mg 

L-Tyrosine Decarboxylase Now only $10.00 per gm 
3.60 per 250 mg 

Now only $195.00 per gm 


L-Lysine Decarboxylase 


Cytidine Diphosphate 


Sodium Salt, Sigma Grade 8.70 per 25 mg 
Cytidine Triphosphate Now only sala 00 per gm 
Sodium Salt, Sigma Grade 20 per 10 mg 


Deoxy Cytidine-5’-Triphosphate 
Sodium Salt, Sigma Grade 15.00 per 10 mg 
Now only $745.00 per gm 


CALL US COLLECT AT ANY TIME, JUST TO GET ACQUAINTED 


Day, Station to Station, 
PRospect 1-5750 


Night, Person to Person, 
Dan Broida, WYdown 3-6418 


oa 


The Research Laboratories of 


SIGMA 


CHEMICAL COMPANY 











3500 DEKALB ST., ST. LOUIS 18, MO., U.S.A. 


MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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DESIGN FOR RESEARCH 
“—“"ZETOPAN 


A truly universal microscope for all microscopic 
investigations. Ingeniously designed for maximum 
working comfort and operational ease. All transitions 
are instantaneous, versatility unlimited. Built-in 


illuminating systems for transmitted, reflected and 
mixed light. 





PHASE-ANOPTRAL CONTRAST mm FLUCRESCENCE AND 
CONTRAST-FLUORESCENCE MICROSCOPY m COMPONENTS 
FOR RESEARCH IN POLARIZED LIGHT AND FOR METAL- 
LOGRAPHY m MICRO-PROJECTION ATTACHMENT m CINE 
AND PHOTOMICROGRAPHY @ UNIVERSAL CONDENSERS @ 
COMPLETE RANGE OF ACHROMATIC, APOCHROMATIC, 
FLUORITE AND FIELD-FLATTENING OBJECTIVES 


Ask for a demonstration or write for full particulars: 


WILLIAM J. HACKER & CO., INC. | 
P.O. BOX 646 . West Caldwell, N. J. 


485 











IN 7 


Just Published .... 759 pages 





Js Eeobehreyel | 
Microliter | 





Syringes J ANNUAL REVIEW OF BIOCHEMISTRY 


: : Volume 30 (July 1961) 
Precision Syringes from 


1 ul to 500 ul 





Other ANNUAL REVIEWS 








Here’s the syringe ENTOMOLOGY Vol. 6 Jan. 1961 
> yom PSYCHOLOGY Vol. 12. Feb. 1961 
ty iacine sce PHYSIOLOGY Vol. 23 Mar. 1961 
greater sensitivity, speed PHARM ACOLOGY Vol. 1 Apr. 1961 
and minute — yet accurate MEDICINE Vol. 12 May 1961 


discharge. They’re quality built, 
too, with individually fitted stainless 


PLANT PHYSIOLOGY Vol. 12 June 1961 
PHYSICAL CHEMISTRY Vol. 11 Sept. 1960 


























ne. eee =| MICROBIOLOGY Vol. 14 Oct. 1960 
NC glass to assure leak proo 3 sae a 3 1 
performance. By meeting critical = NUCLEAR SCIENCE Vol. 10 Dec. 1960 
demands, they have become the 2 
standard in gas chromatography, =] 
chemistry, biology and 2 oe 
medicine. = $7.00 postpaid (U.S.A.); $7.50 postpaid (elsewhere) 
FREE LITERATURE on ca 
Hamilton Microliter =| Most Back Volumes Available 
Syringes, just clip e] 
this ad to your — 
letterhead and mail. ste 7 
© iS ANNUAL REVIEWS, INC. 
gi 231 Grant Avenue, Palo Alto, California 


HAMILTON COMPANY, inc. 
P.O. Box 307-K, Whittier, California 














SAVE TIME-CONSUMING WORK with this NEW universal instrument for 
AUTOMATIC ULTRAVIOLET MONITORING OF 
CHROMATOGRAPHIC ELUENTS 
WVUS CAIN A arnonron— 


For Use with all Fraction Collectors 











Through the use of automatic Fraction Collectors, more separations have 
been obtained in a given time. This creates the need for speedy identifi- 
cation of a particular compound in one specific test-tube among several 
hundred samples. UVISCAN identifies compounds with great accuracy and 
automatically indicates, on a recorded chart, the test-tube in which the 
desired compound is contained. 


FEATURES 


@ Amplifier yields signal from as low as RELATED EQUIPMENT 
0.05 to 4 Optical Density. FOR 
CHROMATOGRAPHY 
@ Easily accessible Flow Cell with adjust- ; 
able light-path from 1 to 10 mm. © Complete line of Frac- 
Ny tion Collectors: CON- 
@ Minimum volume 0.125 ml. TINUOUS, SECTIONAL 
@ High Stability. During 24 hours the base- and REFRIGERATED. 
line will remain constant within 0.5 mv. © All-Teflon-and-glass Mi- 
cropump. 
WwW ; 
€ ave Length from 254 to 280 millimicrons © VARIGRAD — Density 
@ Linear or Logarithmic Recorders available. gradient device. 
Pp" LABORATORY APPARATU 





‘ ie teak! st = sie 
caches BUCHLER INSTRUMENTS, INC. naaui dicen aeate 


514 West 147th Street, New York 31, N. Y. FOR DETAILS 
ADirondack 4-2626 











les PRECISION INSTRUMENTS 
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Digital voltmeter measures from 100 
pv to 1.500 kv in five ranges. Display is 
by means of optical projection and is 
free from ambiguity; red and black 
backgrounds signify positive and nega- 
tive inputs, respectively. Input imped- 
ance is 10 megohms except on the 
lower two ranges which have imped- 
ances of 1 and 0.1 megohm. Long-term 
accuracy is said to be +0.1 percent of 
full scale in each range. Two additional 
voltage ranges of 100 and 1000 v have 
input impedances of 100 megohms and 
accuracy +0.5 percent. Readout time is 
constant at 280 msec. Normally voltage 
is measured continuously. An adjustable 
dead zone permits jitter free readings in 
the presence of transients. Short or long 
time constant is selectable. The internal 
Zener reference can be preset to its 
precise value and corrected if necessary 
against a built-in Westen standard cell. 
A sampling mode of operation permits 
single voltage readings that remain on 
display until a succeeding sample is 
taken. (Solartron Laboratory Instru- 
ments Ltd., Cox Lane, Chessington, 
Surrey, England) 


Circle 1 on Readers’ Service card 


Slide projector is available with a 
zoom lens that permits up to 175- 
percent change in projection distance 
or picture size. Focal length is con- 
tinuously variable from 3.75 to 6.5 in. 
The lens telescopes to fit the standard 
carrying case. (Bausch & Lomb Inc., 
Rochester 2, N.Y.) 


Circle 2 on Readers’ Service card 


Excitation source provides ali neces- 
sary supply voltages and wave forms 
for designing, testing, and demonstrat- 
ing p-n-p transistor switching circuitry. 
The instrument contains three regu- 





The information reported here is obtained 
from manufacturers and from other sources 
considered to be reliable. Neither Science nor 
the writer assumes responsibility for the accu- 
racy of the information. A Readers’ Service card 
for use in mailing inquiries concerning the items 
listed is included on pages 423 and 497. Circle 
the department number of the items in which 
you are interested on this card. 
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New Products 


lated power supplies, a square-wave 
generator, and output control switches. 
Two of the power supplies furnish, 
respectively, 0 to 15 volts, variable, 
regulated to 200 ma lead, and 12 volts, 
fixed, regulated to 100 ma lead. The 
third supply drives the square-wave 
generator over the range 0 to —12 volts. 
The generator provides two square 
waves 180 deg out of phase with each 
other. Frequency is variable from 5 to 
500 kcy/sec. Also available is a push- 
button pulse generator. (Navigation 
Computer Corp., Valley Forge Indus- 
trial Park, Norristown, Pa.) 
Circle 3 on Readers’ Service card 


Synchro tester is a portable instru- 
ment for testing aircraft and missile 
synchro-transmitter or indicator sys- 
tems, or both. The instrument embodies 
a high-speed digital presentation which 
indicates directly in angle from elec- 
trical zero. Over-all accuracy is said to 
be +3 min when used either as a trans- 
mitter or receiver. A correction curve 
permits repeatability to 1 min accuracy. 
The unit has a self-checking electrical 
zero transformer with a zeroing adjust- 
ment to compensate for minor changes 
in temperature. (American Machine & 
Metals Inc., Sellersville, Pa.) 


Circle 4 on Readers’ Service card 


Differential gaussmeter employs dual 
Hall-effect probes to measure magnetic 
field gradient. The two probes are held 
parallel and at a fixed separation by a 
spacer. They are balanced in a reference 
magnetic field and can then be rotated 
at will in the earth’s field without affect- 
ing the gradient measurement. Full- 
scale ranges from 0-0.1 to 0-—20,000 
gauss are covered in 17 steps. Both 
gradient and absolute field are indi- 
cated directly in gauss on a meter or 
can be fed into an external oscilloscope 
or recorder. Frequency response is d-c 
to 400 cy/sec. (Radio Frequency Lab- 
oratories, Inc., Powerville Rd., Boon- 
ton, N.J.) 


Circle 5 on Readers’ Service card 


Spectrum analyzer covers the fre- 
quency range 10 to 1180 Mcy/sec. 
According to the manufacturer, the 
analyzer is able to discriminate signals 
separated by as much as 80 db at 50 
kcy/sec separation and by 90 db at 
150 kcy/sec separation. Signal sensi- 
tivity better than 90 dbm is provided 
over the fundamental range, 10 to 68 
Mcy/sec, and slightly reduced sensi- 
tivity is provided to 1180 Mcy/sec 
with harmonic operation of the local 
oscillator. Resolution is said to be 5 
kcy/sec when signal levels are approxi- 
mately equal. A built-in, 0.1- and 1- 
Mcy/sec crystal-controlled calibrator 
provides markers that allow calibra- 
tion of the viewing screen at any 
spectrum-width setting. Photographic, 
x-y, and roll-chart recording facilities 
are available. (Lavoie Laboratories, 
Inc., Morganville, N.J.) 


Circle 6 on Readers’ Service card 


Microwave tracking antenna mount 
(Fig. 1) designed for field use has hand- 
wheels for manual tracking in azimuth 
and elevation. The mount is available 
with parabolic, helical beam, and horn 
antennas. (Automation Dynamics Corp., 
255 County Rd., Tenafly, N.J.) 


Circle 7 on Readers’ Service card 


Mass flowmeter consists of a smooth- 
bore metal tube, a small heater coil, 
two temperature detecting elements, one 
downstream and the other upstream 
from the heater, and a_ temperature 
compensator. Heat is injected into the 
fluid through the wall of the tube and 
the liquid boundary layer. The down- 





Fig. 1. Microwave tracking antenna mount. 
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Nalgon’ 


If the handling of corrosives 
has been giving you trouble 
... it’s Nalgon vinyl plastic 
tubing to the rescue! This 
safe (excellent resistance to 
acids and alkalies), low-cost* 
tubing is solving problems 
in industry, laboratory and 
hospital. 

What else besides acid re- 
sistance? Plenty! Nalgon is 
amazingly flexible, extreme- 
ly tough, non-toxic, non- 
contaminating, crystal clear 
and available in 40 diam- 
eters from 1%” to 2” I.D. 
Write Dept. No. 218N for 
additional information and 
sample. We welcome in- 
quiries on applications of 
Nalgon to your specific 
problem. 


*For example, 4%" I.D. costs less than 


15c per foot. 
A Tits PRODUCT 


& THE NALGE CoO., INC. 
ROCHESTER 2, NEW YORK 
The Quality Standard 
of Plastic Laboratory Ware 
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stream thermometer measures the re- 
sultant temperature of the outside sur- 
face of the boundary layer; the up- 
stream thermometer measures 
temperature. Minimum 


initial 
measurable 
flow is determined primarily by the 
internal tube diameter; maximum is 
determined by the effects of turbulence. 
Accuracy is said to depend on applica- 
tion with +1 percent being achievable. 
Operating temperature range is up to 
500°F. (Flow. Measurements Corp., 
10506 Wheatley St., Kensington, Md.) 


Circle 8 on Readers’ Service card 


Wire bonder (Fig. 2) is designed to 
bond a wire 0.0002 in. in diameter 
to a transistor stripe measuring 0.001 
by 0.003 in. The wire is positioned on 
the stripe by maneuvering in the hori- 
zontal plane with joystick assemblies 
and in the vertical plane with a lever. 
A binocular microscope enables the 
operator to see the target. Positioning 
precision of 10 to 15 yin. is said to be 
possible. (Kulicke and Soffa Manu- 
facturing Co., 401 N. Broad St., Phila- 
delphia, Pa.) 


Circle 9 on Readers’ Service card 


High-pressure pump (Fig. 3) pro- 


| duces pressures up to 10° |b/in.* from 


air at 80 to 100 Ib/in*’. The pump is a 
reciprocating type with an output of 
just over 6 in.*/min at 10‘ lb/in.*, fall- 


| ing to just under 2 in.*/min at 9 x 10° 
| Ib/in®. Pressure is adjusted by means 
| of an air control valve. Pressure may 


be raised gradually or the control valve 
may be set to produce the required 
pressure. The pump is enclosed in a 
safety cabinet with electrically inter- 
locked doors. The pressure gage is 
viewea through mirrors. (Charles S. 
Madan & Co., Ltd., Vortex Works 
Broadheath, Altrincham, England) 


Circle 10 on Readers’ Service card 


Seismic timer and blaster permits de- 
termination of depth to bedrock. De- 
terminations to 100 ft can be made with 
the timer when an instrumented sledge 
hammer is used to generate seismic 
shock waves. The blaster, which greatly 
extends the range, is a battery-operated, 
capacitor-discharge type. (Dynametric, 
Inc., 2965 E. Colorado Blvd., Pasa- 
dena, Calif.) 


Circle 11 on Readers’ Service card 


Magnetic-memory drum, the size of 
a baseball, has a capacity of 358,000 
bits with a storage density of 600 bits 
per inch. Magnetic heads used to store 
and pick up data are floated on a 


0.0001-in. thick film of air on the sur- 
face of the drum. The drum, which 


rotates at about 10,006 rev/min, is 
suspended on air bearings. Access time 
is reduced by using a one-word loop. 
(Sperry Gyroscope Co., Great Neck, 
N?Y2) 


Circle 12 on Readers’ Service card 


Ball and socket joints of glass use 
O-rings on the inner member to effect 
a vacuum-tight seal and are said to re- 
quire no lubrication. Tubes may be 
joined within 10° of axial center and 
may be secured with a standard metal 
ball and socket clamp. The inner joint 
member can also be used in combina- 
tion with standard ground sockets. 
(California Scientific Glass Co., 9811 
E. Rush St., El Monte, Calif.) 


Circle 13 on Readers’ Service card 


Automatic sampling machine (Fig. 4) 
withdraws a measured volume of the 
sample from a test tube placed in a 
locator and transfers the sample with 
a measured volume of reagent into an 
empty test tube. To prevent contamina- 
tion, the sampling pipette automatically 
follows the lowered liquid level in its 
downward movement so that only the 
tip is wetted. As a further precaution, 
each sample is flushed from the pipette 
with the reagent. Both the volume of 
sample and the volume of reagent are 
preset by the operator. (National In- 
strument Co., Inc., 4119 Fordleigh 
Rd., Baltimore 15, Md.) 


Circle 14 on Readers’ Service card 


Recorder control can be used with 
commercially available potentiometric 
recorders to set the recorder to any of 
15 voltage ranges and any of 15 current 
ranges, and to change the setting while 
recording. Auxiliary circuits permit re- 
versal of polarity and check of recorder 
zero without disturbing or disconnec- 
ting the input signal or the recorder. No 
modification or adjustment of the re- 
corder or the control is required to 
change from one recorder to another. 
Ranges are 10 mv to 500 v, and 10 pa 
to 500 ma, full scale, on a 10-mv re- 
corder. Output resistance as seen by the 
recorder is 1000 ohms (max.). Input re- 
sistance for voltage measurement is 100 
kohm per volt of decade switch setting, 
1 megohm/ volt with a 1-mv recorder; 
for current measurement, input resis- 
tance is 1000, 100, or 10.0 ohms, de- 
pending on decade switch setting. (Cahn 
Instrument Co., 14511 Paramount 
Blvd., Paramount, Calif.) 


Circle 15 on Readers’ Service card 
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Fig. 3. High-pressure pump. 





Fig. 4. Automatic sampling machine. 





Fig. 5. Electromagnet. 
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Differential conductivity meter is 
designed to measure, indicate, and 


transmit to a remote recorder the dif- 
ference in solution conductivity at any 
two locations. Independent tempera- 
ture compensation is provided for the 
cells at the two locations. The instru- 
ment incorporates two complete and 
independent self-balancing Wheatstone 
bridges. Three indicating scales are 
provided, two for the individual con- 
ductivities and 
difference. 


Electrical or pneumatic 


transmitters can be provided for re- | 


mote recording. Temperature compen- 
sators may be manual or automatic. 
(Industrial Instruments, Inc., 89 Com- 
merce Rd., Cedar Grove, N.J.) 


Circle 16 on Readers’ Service card 


Electromagnet (Fig. 5) provides a 


one for conductivity | 


field of 51.5 kgauss with %4-in. gap | 


and 1'%2-in. diameter pole pieces. Dis- 
tance between coils as well as gap 
can be varied. Pole tips may have a 
maximum diameter of 18 in. A field 
of 40 kgauss is attained with 1-in. 
gap and 6-in. diameter tips; 35 kgauss 
with 2-in. gap and 6-in. tips; 10% 
kgauss with 4-in. gap and 18-in. tips. 
Maximum power is 200 kw with low- 
impedance coils and 12 kw with high- 
impedance coils. Vertical and_hori- 
zontal rotation are provided. (Pacific 
Electric Motor Co., 1009 66th Ave., 
Oakland, Calif.) 
Circle 17 on Readers’ Service card 


Strip-chart recorder of the moving- 
coil type is said to be accurate within 
+1 percent. The writing system may be 
ink pen, hot wire, or electrosensitive 
paper. Standard chart speeds of %, 1, 
6, or 12 in./hr or in./min may be 
changed by replacing wheels in a gear 
train. Dual-speed chart mechanisms are 
also available. A variety of voltmeter 
and ammeter ranges are available for 
both a-c and d-c. Response time is said 
to be about 0.6 sec. (Atkins Technical 
Inc., 1276 W. Third St., Cleveland 13, 
Ohio) 


Circle 18 on Readers’ Service card 


Annunciator display has a capacity 
of 60 messages that may be displayed 
individually or in combination. The de- 
vice operates on a rear-projection prin- 
ciple providing 60 lenses that are used 
for data or color background. The dis- 
play features one-plane presentation. 
Overall size is 5% by 12 by 16% in. 
(Industrial Electronic Engineers, Inc., 
North Hollywood, Calif.) 


Circle 19 on Readers’ Service card 
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Nalge makes them 
unbreakable . . . and 
keeps making them 
better! New Nalgene 
graduated cylinders 
feature calibration to 
best glass standards, 
in accordance with 
federal specifications. 


= 





New Nalge techniques give you ac- 
curacy never before possible in plas- 
tic, or even in glass, because now for 
the first time graduates can be 
molded to absolute uniformity every 
time. You get finer calibration lines 
than ever before. Meniscus is flat, 
easy to read. Non-wetting walls con- 
tain and deliver the same amount 
of solution every time. 
Corrosion resistant, of course. 
Virgin polypropylene throughout, 
with stable octagonal base. No more 
loss of valuable contents and no dan- 
erous acid splash through breakage. 
So next time you break a glass grad- 
uate, replace it with Nalgene—com- 
plete line of sizes from 25 to 2000 ml. 
Ask your laboratory supply dealer. 


Accuracy tested, accuracy proved! 


A random sampling by a nationally- 
known testing laboratory* shows 
new Nalgene graduates to be well 
within National Bureau of Stand- 
ards Class A specifications for accu- 
racy. Actual calibrations found in 
tests on 50 ml graduates: 

















Capacity, ml. 10.00 20.00 30.00 40.00 50.00 
Nalgene 
Instrument No. 12 10.01 19.99 29.86 39.92 50.01 
Nalgene 
Instrument No. 13 10.04 19.99 29.87 39.88 49.92 
Nalgene 





instrument No. 14 10.07 20.03 29.89 39.87 49.97 








| 


*Name and data on request. 


New complete line catalog. 

. WRITE Dept. 218. 
THE NALGE CoO., INC. 
ROCHESTER 2, NEW YORK 


The Quality Standard of Plastic Laboratory Ware 
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Temperature transducers designed to 
be resistant to damage by nuclear radia- 
tion use tungsten as the resistance ele- 
ment. Operating temperature range is 
—325° to +500°F. Element resistances 
up to 1000 ohms at +32°F are avail- 
able. Accuracy is said to be +%2°F, 
and repeatability to be within +0.05 
percent of resistance value measured 
at 77°F. Response time is approxi- 
mately 0.4 sec for 63 percent of 
final resistance value. Transducer tube 
lengths up to 18 ft can be supplied, 
and sensing element diameters as small 
as 0.1 in. and sensitive length of 0.5 in. 


are available. Construction material in 
addition to tungsten includes alumina 
and 304 stainless steel. (Winsco Instru- 
ments & Controls, 11789 W. Pico 
Blvd., Los Angeles 64,- Calif.) 


Circle 20 on Readers’ Service card 


Composite seal is a stainless-steel V- 
ring combined with a fluorocarbon- 
plastic seal. The composite is designed 
to operate at temperatures from —65° 
to +600°F. The units are re-usable. 
(Pall Corp., 30 Sea Cliff Ave., Glen 
Cove, N.Y.) 


Circle 21 on Readers’ Service card 





0!) DON Ted hc 
NITRIC ‘ACID 


REAGENT 


POUNDS 





POUNDS 


ACID 


Gives reproducible results, bottle after bottle 


Take one set of results you got with Du Pont Nitric Acid Reagent. You 
can change bottles, shipments or locality, and you’ll reproduce the same. 
results—time after time! That’s because Du Pont continuously runs this 
reagent through 113 separate analytical tests to keep it uniform for your 


most stringent requirements. 


It’s of uniformly high purity, too, exceeding American Chemical Society 
requirements. And you get the convenience of single-trip cartons, dripless 
sleeves, safety grips on 5-pint bottles and color-coded caps and labels. 

Du Pont’s family of reagents includes Nitric, Sulfuric, Hydrochloric 
and Glacial Acetic acids, and Ammonium Hydroxide. They’re readily avail- 
able all over the country. Ask your local laboratory supply house or write 
for list of suppliers. Industrial and Biochemicals Department, N-2545 S, 


Wilmington 98, Delaware. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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Microfilm recorder is actuated by in- 
formation supplied by a computer to 
make multiview drawings of parts to 
be fabricated. Once the engineering 
specifications for the part are fed in, the 
computer can be asked to produce draw- 
ings of any view or cross section of the 
part in three dimensions. The same 
computer code used to produce the 
drawings can also be used to produce 
tapes for operation of automatic pro- 
duction equipment. Information is re- 
corded on 35-mm microfilm. Printing is 
accomplished by photographing displays 
on the face of a Charactron shaped- 
beam tube. An accessory unit permits 
automatic processing and projection of 
the film on a 2- by 2-ft screen within 
8 sec. (Stromberg-Carlson Div., Gen- 
eral Dynamics Corp., P.O. Box 2449, 
San Diego 12, Calif.) 


Circle 22 on Readers’ Service card 


Binary-coded decimal-to-decimal con- 


verter is the first of a series of modular 
solid-state devices constructed by simul- 
taneous fabrication of multi-element 
components. The device contains 40 
silicon diodes and is designed to drive 
an indicator tube directly from binary- 
coded inputs. In the manufacture of 
the units, a single silicon wafer is dif- 
fused to form a large planar diode. 
From this wafer, as many elements as 
desired are simultaneously fabricated 
in a specific pattern. The resulting ar- 
ray is joined to a circuit plate. (Bur- 
roughs Corp., Plainfield, N.J.) 
Circle 23 on Readers’ Service card 


Strain-gage auxiliary instrument is 
a miniature device that contains a signal 
amplifier, power supply, bridge-balance 
circuits, and calibration circuits. The lat- 
ter can be programmed from a remote 
source. Four reference points are pro- 
vided, and polarity of the calibration 
can be reversed to simulate compression 
or tension of a strain gage. Signals are 
amplified to a maximum output of +5 
volts d-c., and output impedance is 350 
ohms. (Video Instruments Co., 3002 
Pennsylvania Ave., Santa Monica, 
Calif.) . 


Circle 24 on Readers’ Service card 


Cryogenic thermometer measures 
temperature in the range of 0.3° to 
25.0°K. The instrument operates by 
measuring mutual inductances as small 
as 2 x 10“ by use of an a-c bridge cir- 
cuit and ruby crystals. Bridge current is 
supplied by a modular signal generator 
tuned to 155 cy/sec. Bridge output is 
amplified by a transistorized narrow- 
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A complete line of pH meters, incorporating permanently fric- 
tionless taut-suspension indicating meters, modern electronic 
tubes and circuits. Simple in operation and maintenance; 
featuring sealed amplifier plug-in units. 










PHOTOVOLT 
Electronic pH METERS 


Two-way pH Meter 
Model 85 


¢ Single range 0-14, scale length 3”, 
readable to 0.05 pH Unit. 

¢ Available — compact battery pack 
for field use ($38.00 addtl.). 

¢ Fully stabilized, simple, usable with 
all types of electrodes. 


Write for Bulletin #195 
$135 





High Precision 
pH Meter Model 110 s 


° Single range 0-14, scale length — 
7”, readable to 0.02 pH unit. 

° Temperature control 0-100° C., 
voltage selector for 80-260 volts. 

* Available — carrying cover and 
baseboard for bottles, beakers. 


Write for Bulletin #105 



























$235 










Standard Laboratory 
pH Meter Model 115 


¢ Single range 0-14, scale length 
4”, readable to 0.05 pH unit. 
¢ Temperature control 20-100° 
C., available with carrying case. 
e Additional millivolt scale for 
redox measurements and 


Portable pH Meter 
Model 125 


¢ Single range 0-14, scale length 
544”, readable to 0.03 pH unit. 

¢ Only 3 batteries, standard radio 
type, 2,000 hours of service. 

e Available — carrying frame for 
instrument, beakers, bottles. 








; ys age il i Write for Bulletin #118 
rite for Bulletin + $195 
a $175 


Tester Model 25 for Checking and Adjusting pH Meters 
A compact, inexpensive instrument without batteries; for checking 
performance of PHOTOVOLT and other pH meters. Requires neither 
electrodes nor buffers. Write for Bulletin +138 $68 


PHOTOVOLT 
€GePORATION 


111! Broadway, New York 10, N, Y. 


NOW... MECHANICALLY, COTTON PLUG UP TO 2400 PIPETTES PER HOUR 


é C O presents ...the i a °*mwaee = 


HARRISON ven 
PIPETTE 
PLUGGER 










@ Versatile—accepts full range 
of standardized cotton plug- 
ging pipettes without adjust- 
ment 


@ 3-speed control 


@ Compact — requires little 
floor space 


The Harrison Pipette Plugger eliminates the slow, tedious job of nani stuffing 

cotton in pipettes. An experienced operator can plug pipettes ‘up to 2400 per hour, 

NOTE with each cotton plug absolutely uniform in size. Cotton plugging speeds adjust- 

UNIFORMITY OF able to 22, 30 or 40 pipettes per minute. The Harrison Pipette Plugger can be used 

COTTON PLUGS over a full range of standardized cotton plugging type pipettes without adjustment, 

including the following pipettes: Bellco V.I.P. 12-334, Corning 7086, and Kimble 

37034A. Other pipettes having identical top dimensions and tolerances as these 

will also be satisfactory. However, conventional pipettes can be reworked and 

shaped to the cotton plugging top dimensions . . . if they are of borosilicate glass. 

The Harrison Pipette Plugger is mounted on a sanitary work surface featuring 

a semi-enclosed base. A shelf beneath the table holds the cotton roving, which is 
fed through a special opening in the table. 


WRITE FOR BULLETIN NO. P-50-15S 


BELLCO GLASS INC. viINELAND, N. J. 
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now, a 
completely 
automatic 
electronic 
control 


laboratory 


furnace 


THERMOLYNE 





THERMOLYNE 
TYPE 2000 


Just dial desired temperature. This 
electric furnace, specifically designed 
for laboratory use, automatically 
holds preset temperatures within close 
limits by means of a potentiometric 
control system. Practically immune to 
vibration, dust, dirt to give long, 
trouble-free service. Rigid, braced 
construction . . . long-life heating 
elements embedded in interchange- 
able plates that give fast, even 
Chamber 
by high-grade, multiple-type insula- 


lation. Chamber size 4” x 334” x 9”, 


heat distribution. surrounded 


Operating temperatures to 1650°F 
continuous, 1900°F intermittent. 115 
and 230 volts. Price complete, 
$247.50. Write for literature and 


name of nearest dealer. 


THERMOLYNE CORPORATION 


568 Huff St., Dubuque, lowa 
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band amplifier. Measurements are said 
to require no special compensation and 
can be read directly on a calibrated 
scale. (Malaker Laboratories, 
Mountainside, N.J.) 


Circle 25 on Readers’ Service card 


Sic., 


Cadmium-sulfide photoconductive cell 
features a dark current of 2.5 pa 
and an average cell current of 10 ma 
with 5.0 ft-ca illumination of 2700°K 
color temperature. Dissipation rating is 
1 watt. The cell 
vice 


is a side-sensitive de- 
mounted in a hermetically sealed 
glass envelope with conventional seven- 
pin miniature base. (Amperex Electron- 
ic Corp., 230 Duffy Ave., Hicksville, 
N.Y.) 


Circle 26 on Readers’ Service card 


Solid-state radiation detectors are 
semi-conductor devices sensitive to pro- 
tons, electrons, deuterons, alpha parti- 
cles, and high-energy heavy particles. 
A shallow, reversed bias p-n junction in 
silicon is used to attain high energy 
resolution, fast response, and linearity 
of pulse height with particle energy over 
a specified energy range. The width of 
the depletion area determines the sensi- 
tive volume of the detector. Output is 
proportional to the energy deposited 
within the depletion region and is in- 
dependent of the mass of the particle. 
A variety of performance specifications 
is available in each of three sizes. 
(Hughes Aircraft Co., P.O. Box 90515, 
International Airport Station, 
Angeles 45, Calif.) 


Circle 27 on Readers’ Service card 


Los 


Diode tester is a back-current and 
saturation-voltage tester with a voltage 
range from 0 to 3000 v in four steps 
and a current range from 0 to 100 pa 
in four steps. Regulation is said to be 
better than +0.1 percent; ripple and 
noise, 0.05 percent. (Trans Electronics, 
Inc., 7349 Canoga Ave., Canoga Park, 
Calif.) 


Circle 28 on Readers’ Service card 


Infrared spectrophotometer, model 
421, uses two gratings to cover the 
spectral range from 4000 to 550 wave 
numbers. Each grating is used only in 
its first order. Overlapping orders are 
eliminated by four filters automatically 
inserted into the radiation beam. The 
two gratings are mounted back to back. 
At the crossover point, 2000 wave num- 
bers, scanning halts briefly, and the 
second grating rotates into position. If 
desired, abscissa scale change may also 
occur automatically at this point. The 





crossover occurs without gaps or over- 
lapping and without shift in wave-num- 
ber indication. Scanning rate can be 
varied from 65 sec for the entire range 
to 4.5 min per wave number. Acces- 
sories developed for use with other in- 
struments can be used with model 421. 
Wavelength coverage of the far infra- 
red can be added by suitable prism 
interchanges. (Perkin-Elmer Corp., Nor- 
walk, Conn.) 


Circle 29 on Readers’ Service card 


Nuclear methods are used to measure 
soil moisture and density with equip- 
ment composed of a counting unit and 
a moisture or density probe which con- 
tains radioactive material and a detec- 
tor system. Measurements are performed 
by inserting the probe in, or placing it 
on, the material being tested and read- 
ing the portable counter. The equip- 
ment does not require an AEC license. 
(Testlab Corp., 3398 N. Milwaukee 
Ave., Chicago 41, Ill.) 


Circle 30 on Readers’ Service card 


Digital clock furnishes a_ binary- 
coded output of the day, hour, and 
minute, provided by contact closures. 
Visible readout is also provided. Basic 
timing pulses are formed by a cam- 
microswitch arrangement driven by a 
synchronous motor to produce minute 
counts. Stepping switches then form a 
logical time counter with appropriate 
carries. Each digital output consists 
of four binary bits that may be ar- 
ranged in any desired code. Stepping 
the switches takes 2 sec of each min- 
ute during which an inhibit signal pre- 
vents ambiguous readings. (Electro- 
Logic Corp., 515 Boccaccio Ave., Ven- 
ice, Calif.) 


Circle 31 on Readers’ Service card 


Coaxial tuner is designed for use in 
the frequency range 1.0 to 10 Gcy/sec 
(kMcy/sec). The tuner consists of a 
strip line section with a rail-guided car- 
riage upon which an adjustable probe 
is mounted. Length of the tuner is 11.5 
in.; carriage travel is 7.5 in. Voltage- 
standing wave ratio as high as 10:1, and 
of any phase, can be matched to 1.00. 
Radio-frequency leakage has been mini- 
mized by means of a poly-iron choke 
mounted along the tuner slot. Insertion 
loss is less than 1 db when a mismatch 
of 3:1 is corrected. (FXR, Inc., 25-26 
50 St., Woodside 77, N.Y.) 

Circle 32 on Readers’ Service card 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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of Dehydrated Culture Media, Difco. 
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Project Chariot 


In a recent issue of Science [133, 
2000 (1961)] there appears an article 
by Howard Margolis about the separate 
reports on Project Chariot (the AEC 
proposal for underground explosions at 
Cape Thompson, Alaska) issued by the 
AEC and by the St. Louis Committee 





for Nuclear Information (CNI). Mar- 
golis’ comments on the CNI report com- 
prise the following items: (i) a sum- 
mary of the contents of the report; 
(ii) an account of supposed “technical 
errors” (only one is mentioned) in the 
report and Margolis’ criticism of cer- 
tain of its conclusions; (iii) Margolis’ 
own statement regarding the relative 
risks to Alaska Eskimos from radia- 
tion due to television watching, cur- 


that might result from Project Chariot. 
In our opinion Margolis’ discussion 
of the contents of the CNI report is 
incomplete, inaccurate and misleading. 
Item 3, which represents Margolis’ 
own effort at analyzing radiation risks, 
\is simply incorrect. To support these 
\views we submit the following: 
| Margolis’ summary of the contents 
of the CNI report is incomplete in a 
number of important respects. Among 
the observations made in this report, 
and absent in Margolis’ account of it 
(and also absent from the AEC report 
on Project Chariot) are the following: 
1) The basic data (the results of four 
junderground nuclear explosions in Ne- 
vada) on which the AEC estimates of 
the total amount of radioactive debris 
which the Charict explosion is expected 
to eject into the air, are inadequate 
for this predictive purpose. This is 
noted in an AEC technical report 
(UCRL 5676, p. 21, quoted in the CNI 
bulletin) which states: “From these four 
events it is obviously a great stretch of 
one’s imagination to predict a great 
deal about the variation of crater width 
as a function of nuclear yield and depth 
of burial.” The AEC prediction that 
5 percent of the proposed Chariot ex- 
plosion’s total radioactivity’ will be 
vented into the air is based on an inter- 
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rent levels of fallout, and the fallout 


Letters 


polation between two points in the 
four-point curve which describes the 
results of the foregoing test explosions. 
The two points which anchor this in- 
terpolation have the values 90 percent 
and 1 to 2 percent venting of total 
yield; the theoretical curve drawn be- 
tween them (for which no mathemati- 
cal basis is given anywhere in the 
available AEC literature) is a steeply 
concave curve. That reliance on such a 
curve does not meet the ordinary 
standards of scientific evidence will 
perhaps be most clear to the readers of 
Science from examination of the accom- 
panying Fig. 1. The CNI report con- 
cludes that, given these data, the radio- 
activity ejected into the atmosphere by 
the Chariot explosion might with ap- 


parently equal probability be anywhere 
from 1 to 25 percent of the total radio- 
activity. The more volatile reaction 
products will be more efficiently vented, 
and a general factor of 4 to 5 is used 
by AEC investigators to estimate stron- 
tium-90 enrichment for this reason 
(UCRL 6249T, p. 11). However, this 
factor must be rather imprecise, for it 
is affected by the parameters that gov- 


‘ern the physical events in an under- 


ground explosion—which are, as we 
have seen, still poorly understood. A 
5 percent general venting (the AEC 
prediction) therefore implies 20 to 25 
percent Sr” venting and 25 percent gen- 
eral venting (our suggestion of what is 
possible) implies that a completely 
vented yield of Sr” apparently cannot 
be excluded. 

2) AEC calculations of the shape of 
the fallout zone, which depend strongly 
on wind velocity, are based on winds 
measured at Kotzebue, 120 miles from 
the site of Project Chariot. However, 
as reported in the AEC report on 
Project Chariot (p. 45), the average 
peak wind speed at the actual Chariot 
site (Ogotoruk Creek) was 65 mi/hr, 
at a time when the corresponding value 
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Fig. 1. This figure is taken from a paper by M. A. Harrison (“Excavation with nuclear 
explosives”) in Proceedings of the Second Plowshare Symposium, Il, UCRL-5676, to 
which we have added four points, and a dotted line indicating the scale depth of the 
proposed Chariot explosion. The values of the four points, which represent the actual 
data from past underground explosions (Jangle-U, Teapot-S, Neptune, and Blanca, in 
order of increasing scale depth) are taken from a paper by G. W. Johnson (“Excavation 
with nuclear explosives,” UCRL-5917). The value of the scale depth of the Chariot 
explosion, as presently proposed, (160) is also taken from Johnson’s paper. The point 
at issue is how well the curve relating vented yield (the solid curve, marked “Diameter 
> 40 uw above sfc.”) to scale depth can predict the vented yield at scale depth 160. 
The AEC prediction of 5 percent vented yield is represented by the point at which the 
curve crosses this scale depth. In the CNI report on this problem, it is pointed out 
that a number of curves can reasonably be drawn between the four points which 
represent the actual data, which will indicate, at scale depth 160, any value up to 


25 percent vented yield. 
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High photometric accuracy and repro- 
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= scientific studies. These features also 
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.. analyses where product quality or 
iraportant production decisions are 
based on analytical results. 

The high photometric accuracy of the Cary Model 14 is illustrated by 
the above spectra of two Corning #3307 filters, 1.2 mm thick, which were 
measured separately and in combination. The individual absorbance values 
of filter #1 plus filter #2 were compared with the observed absorbance value 
of the combination. As shown on the record, the Model 14 measured the 
combined absorbance of the filters to within .002 absorbance, equivalent to 
.01% at 2% transmittance. With the superior performance of the Model 14, 
along with proper sample handling technique, an analytical accuracy of 
.2% may be obtained on concentration determinations. 

The excellent photometric reproducibility of the Cary Model 14 is 
illustrated by the curve for the filter combination which is actually three 
superimposed records. 

Photometric accuracy and reproducibility are just two of several im- 
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for Kotzebue was 19 mi/hr. Since wind 
velocity has a decisive effect on fallout 
distribution, the AEC estimates of the ~ 
fallout pattern must be in error. 
| 3) Although fallout on the ground 
|in northern Alaska from past nuclear 
tests is very low compared to that in 
| temperate zones, the Sr™ levels of cari- 
bou and of the few Eskimo bones that 
| have been analyzed thus far are much 
higher than the values for cattle and 
people in temperate United States. The ' 
| that this is due to the unusual mineral | 
nutrition of lichens. This remarkable | 
situation is not mentioned in the AEC 
report, though we were pleased to learn 
recently that the responsible officials 
are now taking steps to institute a re- 
search program on the problem. 

4) The CNI bulletin contains eight 
pages of detailed discussion, written 


= _|by the biologists who investigated the 


problem for the AEC, of the unusual 
food chain in the Arctic (lichen-cari- 
bou-man). This discussion shows that 
predictions of biological Sr” distribu- 
tion based on the temperate-zone food 
chain (grass-cow-milk-human) do not 
| apply to Alaska. Nor is the ecological 
\behavior of Sr” in tropical environ- 
|ments applicable to Alaska. Neverthe- 
less, the AEC report on Project Char- 
iot states that “possible radiation ef- 
fects upon the biota of the Chariot 
site have been estimated from the Ne- 
vada Test site and the Pacific Proving 
ground data” (p. 55). 

Margolis states that AEC officials 
believe “that the CNI assertion that 
the Sr” yield might be ten times greater 
than the AEC believed likely was based 
on misreading of an AEC sponsored 
| study. The study gave 5 percent as the 
|most probable portion of the total ra- 
| dioactive yield that might get into the 
| fallout.” Margolis himself finds fault 
| with the CNI conclusion and endeavors 
| to show that at most the AEC estimate 
of fallout is low by a factor of 4 rather 
than by the factor of 10 suggested in 
our bulletin. As stated in the CNI re- 
port, the factor 10 is derived from two 
sources: a possibly fivefold underesti- 
mation by the AEC on the vented yield 
(which is explained above) and an esti- 
mated twofold error regarding the pat- 
tern of fallout deposition. The factor 
of 5 has been discussed already. The 
other factor of 2 can arise if the winds 
at the Chariot site are stronger than 
the values used in AEC estimates of 
the fallout pattern. Stronger winds could 
blow more of the fallout away from 
the immediate site (which can be 
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closed off from animals) and further 
downwind where it becomes accessible 
to the food chain. Of course, if the in- 
tensity downwind should rise the in- 
tensity at the site must drop accord- 
ingly, but for the reasons stated we are 
mainly concerned with some distances 
downward from the site. It seems rea- 
sonable that these effects could in- 
crease the AEC estimate of the down- 
wind deposition of fallout by a factor 
of 2, because the wind velocities at 
the Chariot site tend to be significantly 
higher than the value used in the AEC 
estimate. 

Margolis states on his own authority 
that “As it happens, the exposure from 
habitual television watching, or from 
current levels of fallout, is roughly the 
same as the exposure the 700 Eskimos 
might receive if pessimistic assumptions 
about the absorption of Sr” are cor- 
tect.” Now, this sentence would be 
roughly correct if Margolis had added 
as an important condition, that the 
statement refers only to the effects of 
these three sources of radiation on the 
gonads. If Margolis were to amend his 
statement in this way it would then be 
technically correct, but still quite mis- 


paring the relative risks to his health 
from these three sources, because it 
fails to mention the risks to the bone 
marrow from these sources of radia- 
tion. It is an elementary fact now well 
established in the relevant literature 
that the risk from fallout radiation is 
of two kinds: (i) a genetic risk of dele- 
terious mutations due to exposure to 
the gonads, and (ii) a somatic risk 
(from leukemia and other forms of 
cancer) due chiefly to irradiation of 
the bone marrow. The gonadal expos- 
ure is due to cesium-137; the marrow 
exposure is due to Sr”. All published 
comparisons [see for example, the re- 
port of the British Medical Council, 
The Hazards to Man of Nuclear and 
Allied Radiations (Medical Research 
Council, HMSO, London, 1956)] of 
the radiation risk from __ television 
watching and from fallout refer only 
{0 gonadal exposure for the simple rea- 
son that while television watching may 
lead to a maximum of 1 mrem of ex- 
posure to the gonads per year, it has no 
measurable effect on the bone marrow, 
because the radiation is too soft to pene- 
trate more than a few millimeters of 
body tissue. Hence any estimate of 
the risk from Sr”, which necessarily re- 
fers to an effect on the marrow, will 
be incomparably greater than the haz- 
ard, to the bone marrow, of television 
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watching. It will be noted that Mar- 
golis’ comment also includes a state- 
ment of equality between exposure to 
Eskimos from current levels of fallout, 
and from Sr” that might result from 
the Chariot explosions. The exposure to 
Eskimos from present fallout is approxi- 
mately known (about 1 to 3 ppc of Sr” 
per gram of calcium in the bones; see 
Radiological Health Data, Jan. 1961, 
p. 21). We would expect Margolis to 
show, in support of his statement, that 
the Sr” that Cape Thompson Eskimos 
might absorb from the Chariot ex- 
plosion also amounts to about | to 3 


ppc of Sr” per gram of calcium in the 
bones. We suggest that he produce such 
calculations. For our part, after careful 
study of the available data, we con- 
cluded, as stated in the CNI report, that 
there were not sufficient data about the 
relevant parameters (for example the 
mineral nutrition and feeding habits 
of the caribou; the total Sr” in the 
Eskimo diet) to warrant such a calcu- 
lation. 

None of the foregoing observations 
are adequately represented in Mar- 
golis’ account of the CNI report on the 
Chariot Project. Nevertheless, Margolis 
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had ample opportunity to become ac- 
quainted with these matters in advance 
of the preparation of his article. A few 
days after the CNI report had been 
made public, one of us received a long 
distance telephone call from Margoilis, 
In this call he made several criticisms 
of the CNI report, and asked for com- 
ment on them. During this conversa- 
tion Margolis acknowledged that he had 
not yet seen a copy of the CNI report. 
Accordingly, a copy of the report was 
sent to him immediately. After several 
days he called again. In this second 
conversation nearly all of the points 
which we have enumerated above (in- 
cluding an explanation of the so-called 
“technical error’) were explained to 
Margolis at some length. We regret 
that they do not appear in his article. 
In particular, we believe that ordinary 
journalistic practice would recommend 
that the specific reply given to his 
query about the supposed technical 
error in the CNI report should appear 
in his article alongside his discussion 
of the AEC “complaint” about it. 

We should also like to note that the 
quotations which Margolis attributes to 
“a spokesman for CNI” do not precisely 
reflect what was said to him, and it is 
pertinent that he neither asked for 
permission to quote (which would have 
readily been granted) nor checked the 
quotations with their source. 

The foregoing comments explain why 
we believe that Margolis’ article on the 
reports about Project Chariot is incom- 
plete, misleading, and in some respects 
quite incorrect. 

BARRY COMMONER 

M. W. FRIEDLANDER 

Eric REIss 
St. Louis Committee for Nuclear 
Information, St. Louis, Missouri 


In reply to the CNI letter: 

1) The bulk of my article, contrary 
to the impression given by CNI’s letter, 
was not concerned with CNI’s technical 
errors or with my own predictions of 
radiation levels, but with the likelihood 
that the CNI report would mislead 
rather than inform the public on the 
central question of the magnitude of the 
fallout risk. 

2) With regard to the material dealt 
with in the letter, much of it is simply 
a recounting of parts of the CNI report, 
and this recounting does not conflict 
with the summary of the report I gave 
in my article. Other parts are attacks 
on the AEC, to which I assume the 
AEC will reply if they deem it worth- 
while. I should point out, though, that 
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SAMPLE TEMPERATURE 
INDICATOR 


Continuous sample temperature indication is 
conveniently obtained for both bulk and mani- 
fold freeze-drying techniques using the VirTis 
Sample Temperature Indicator. The thermistor 
probe measures only 1/8” in diameter by 1” 
in length, small enough to fit into virtually 
any container. A thin, vinyl coated, complete- 
ly flexible wire connects the probe to the 
indicator. The indicator scale covers the com- 
plete temperature range of interest in freeze- 
drying from —50°C to +30°C. 


VirTis 
TEMPERATURE 
INDICATION AND CONTROL 


FOR 
FREEZE-DRYING 


SAMPLE TEMPERATURE 
CONTROLLER 


The new VirTis Sample Temperature Control- 
ler takes the guess work out of bulk freeze- 
drying procedures. Continuous temperature 
indication and control from —50°C to +30°C 
is provided in this one instrument. To oper- 
ate, simply freeze the temperature thermistor 
probe in a representative sample, and set 
the dial pointer on the controller to whatever 
temperature is compatible with the heat sen- 
sitivity of the material to be dried. 

The Sample Temperature Controller is an ideal 
companion instrument to the VirTis Mechani- 
cally Refrigerated Freeze-Mobile, Unitrap, and 
Duo-Dryer. 





For full details write: 


THE VIRTIS COMPANY, INC. 
GARDINER, NEW YORK 
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THE 
CENCO 
LAB JACK 


Imitation is the sincerest form of flattery and the 
Cenco Lab Jack has been overwhelmed with it. While 
some who have followed offer sound design, or others 
decent quality, none (as yet) has equalled Cenco’'s 
design and quality at the same price. 





Developed in collaboration with Dr. Aaron B. 
Lerner of Yale University, the Cenco Lab Jack’s sim- 
ple, efficient design and precision construction are 
still its outstanding features. It will hold 100 Ibs. easi- 
ly, with complete siability at all elevations between 3 
and 10% inches. Its scissors action permits steady, 
level, and quick raising or lowering—a feature espe- 
cially noticeable when maneuvering fragile glassware. 





With over 25,000 in use throughout the world today, 
we find only one trouble with the Cenco Lab Jack. It 


lasts too long. 
Mountainside, N. J. 
NO. 19089-001-Cenco—Lerner Jontreat 
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Automatic Analysis of Amino 
Compounds in 


@ Protein Hydrolysates 

®@ Protein-free plasma and other 
@ Physiologica! fluids 

@ Tissue extracts 
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®@ Foods 

©@ Culture media 

@ Pharmaceuticals 


@ Adaptable to Phoenix 
Stream Splitting System 5500 


Sensitivity: 0.1 to 3.0 micromoles of amino 
acid with a precision of 100 + 3%. Use- 
ful results at even lower levels. 
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Speaking 


of 
Millipore’ 
Filters 


ESTIMATION OF COLIFORM BACTERIA IN ICE 
CREAM BY USE OF THE MEMBRANE FILTER 


The use of a dilute wetting agent, to which the 
sample is added for filtration through a mem- 
brane filter, has provided a direct one day 
method for the enumeration of ttue coliform 
bacteria in ice cream. The method eliminates 
interference from sucrose and consequent false- 
positive reactions. Previously these false re- 
actions could be overcome only through time- 
consuming isolation and identification proce- 
dures. 

Nutting et. al., 1959, APPLIED MICROBIOLOGY, 

7:4, pp. 196-199, July 
Millipore® filters are available in eleven pore= 
size grades from 5u down to 10 mu. They retain 


on their surfaces all particles larger than rated 
pore size. 


When writing for technical information please 
state your fields of interest. 


ily ® FILTER 
Millipore CORPORATION 
Dept. S, Bedford, Massachusetts 
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NEW-—from the makers of UNIMAT! 

This remarkable 10” tool room lathe 
does the work of FOUR machines 
(lathe, drill press, jig borer, vertical 
milling machine) in the space of ONE, 
and at less cost than a single-purpose 
lathe meeting the same high tool room 
standards of precision. The exclusive 
VERTI-BED holds a detachable 
head-stock-and-motor unit for vertical 
functions without impeding simulta- 
neous horizontal operations. Best bet: 
the double-spindle model shown 
above—no change-over necessary! 


WRITE FOR CATALOG AND PRICE LIST 
AMERICAN EDELSTAAL INC. 
Dept. AH, 350 B’way, N. Y» 13, N. Y. | 














the CNI summary of what the AEC 
said and did is not always, indeed is 
rarely, quite the same as what the AEC 
said and did. For example, the AEC 
began contracting for studies of the 
food chain, including the absorbtion 
of strontium, nearly 2 years ago, and in- 
deed a good deal of the material CNI 


| cites was developed as a result of stud- 








ies sponsored by the AEC. 

3) On the technical points directly 
questioning the reliability of my article: 
I don’t see how CNI argues that it 
has not erred in its handling of the 
AEC fallout figures. The pertinent AEC 
report clearly states that its estimates 
are based on an assumed fivefold en- 
richment of Sr” (not four- to five-fold, 
as stated in CNI’s letter). The AEC pre- 
diction for the most probable average 
venting of fallout was 5 percent, and 
for Sr”, 25 percent. Obviously CNI’s 


report, which postulated a further five- 


fold increase in Sr”, must be wrong, 
since the fallout can hardly contain 
more than 100 percent of all the Sr’ 
produced by the test. Further, Dr. 
Friedlander, in calculating CNI’s esti- 
mate of the average Sr” deposit 
throughout the zone, simply multi- 
plied the AEC estimate by 10, and al- 
though CNI might well argue that the 
deposit “some distance downwind” 
might be 10 times the AEC estimate, 
the average deposit throughout the zone 
can hardly, for the reason noted above, 
be off by more than a factor of 4. 
CNI is correct in criticizing my 
handling of the television example, al- 
though if readers will refer to my ar- 
ticle I think they will find that the error 
is not as significant as CNI implies. 
What is curious is that CNI itself has 
included a grosser form of this same 
error in its own report. CNI does not 
inform its readers that there is no dan- 
ger of genetic damage from Sr”, but 
actually includes a reference fo the pos- 
sibility of genetic damage. Further, Dr. 
Commoner’s article in the CNI report, 
in giving figures on the generally recom- 
mended guide lines for Sr” absorbtion 
in humans, does not give the figure for 
Sr” (67 units) but instead gives the 
figure for whole body exposure (in- 
cluding, of course, the gonads) and an- 
nounces that “this corresponds to about 
17 strontium units in the bone.” Thus 
CNI misleads its readers into believing 
the generally. accepted guide line is 


smaller by a factor of 4 than the actual 


figure, and this is done by applying the 
whole body rate, deliberately set thi 
low because it includes genetically da 

gerous exposure, to calculate a rate fol 
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PURITY 


Stokes automat- 
ic water stills are 
noted for their 
simplicity. Any- 
one can operate them in a mat- 
ter of seconds. With a minimum 
of attention, Stokes Stills will 
deliver distilled water at rated 
capacities of 14 to 100 gallons 
per hour. And they produce the 
purest distillate possible . 
completely free of pyrogens, 
bacteria or minerals. What’s 
more, all models are effective in 
purifying both soft and hard 
water. 


Your Laboratory Supply House 
stocks Stokes Stills. Next time 
you need one, see them... and 
specify Stokes. 


Pharmaceutical Equipment Division 
F. J. STOKES CORPORATION 
5500 Tabor Road ~ 
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bone marrow, where the danger is 
solely somatic. 

This ties in with CNI’s complaint 
about my statement that the probable 
increase in Sr” in the 700 Eskimos, 
under pessimistic assumptions, would 
be about equal to present levels. CNI 
gives the current level of strontium in 
Eskimos as | to 3 units. This is based 
on a total sample of six. The values 
are: an infant (2.42), a 7-year-old 
(3.35), and four adults (0.18; 1.94; 
0.47; and 0.59). Aside from the small 
sample size, it is difficult to know 
what would be a fair average calcu- 
lated from this data to compare with 


| the National Committee on Radiation | 









Protection guide line, which is 67 units | 


| for an average for individuals within 


a population, and three times this, 200 
units, for a single individual within the 
population. The levels for very young 
children are higher since they have 
been exposed to a given level all their 
lives. If, as with the Chariot test, the 
level is not to be kept up by continued 
testing, the level in the children will 
fall they grow. This makes the 
CNI calculation seem somewhat ex- 
cessive, but if we accept their figure 
of 1 to 3 units as the range for the 
average figure and compare it with 
the relevant NCRP guide line (67 
units), then the current levels would 
be about 
line. Even under the assumptions in 
the CNI report this seems unlikely to 
be increased more than several times, 
if that much, and the increase, like 


as 


the base, will be some small fraction | 
of the guide line, in other words (to | 
repeat my error) an increase “roughly | 


the same” as current levels. 


The point of my comparison of the | 


potential increase, under pessimistic as- 


sumptions, with exposure from televi- | 


sion and current levels of fallout was 
not to imply that the type or amount 


of radiation was precisely the same, | 
but to give the reader a general idea | 


of the magnitude of exposure involved, 
in contrast to the CNI report which 


talked repeatedly in terms of “great | 


uncertainty” concerning the harm that 
might be done, of the fallout “sealing 
off Cape Hope,” of “little margin for 
error,’ and which, in general, could 
not have been better phrased to scare 
the daylights out of the lay audience 
for which it was written. 

4) Finally, I must insist that my ar- 
ticle reflects quite precisely Dr. Com- 
moner’s responses to my questions con- 
cerning the misleading nature of the 
CNI report.—H.M. 





1/67 to 1/22 of the guide | 
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VITREDOIL 


PURE FUSED QUARTZ 


FOR USE IN PRODUCTION OF 
SEMI-CONDUCTOR METALS... 
Where you produce such metals as germa- 
nium and silicon, VITREOSIL is ideal for use. 
For special requirements or special prob- 
lems, write us your requirements. Now avail- 
able Quartz to metal seals. See our ad in 
Chemical Engineering, Electronic Engineers 
Master & Electronic Designers’ Catalogues. 


SPECTROSIL 


FOR HYPER-PURITY IN 
SEMI-CONDUCTOR WORK 


Unique Transmission characteristics 


PURITY — purest form of fused silica 

TRANSPARENCY — unique optical properties 

HOMOGENEITY — completely homogeneous 
and free from granularity 


AVAILABILITY — block material for lenses, 
prisms, etc; rod, fiber, wool; hollow 
ware as tubing, crucibles, and special 
apparatus. 


Write for complete illustrated catalog. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 
18-20 Salem St., Dover, N. J 
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Reprint Requests 


Some years ago an article appeared 
in which the merits of printed “re- 
print-request” postcards were closely 
examined [J. Hedgpeth, Am. Scientist 
42, 497 (1954)]. Rather few of the 
cards’ alleged merits withstood the 
author’s critical The cards 
were adjudged discourteous, inconsid- 
erate, and generally to be abhorred. In 
fact, I was sufficiently impressed by the 
fire of condemnation to forswear the | 
use of such contemptible missives. Sub- | 
sequently, each of my reprint requests | 
was accompanied by a carefully worded | 
letter of justification. Unfortunately, | 
this habit was shattered by the disillu- | 


scrutiny. 


sionment that resulted when I and | 
several colleagues at Yale received | 
smudged, printed reprint-request post- 


cards from several of the same knights 
who had joined in challenging the boor- 


ish reprint collectors. Sad is the life 
of the idealists! 

In recent months the need for re- 
newed attack has become acute. To 
pass over, for the moment, the dozens 
of mailings to anonymous collectors 


that the cards demand, there are now 
appearing increasing numbers of cards 
requesting reprints. “one for me 
and one for my library.” When each 
of the two workers at an arctic re- 
search station sent such a card 
the dam was breached, and this flow 
commenced. Perhaps these men were 
merely lonely and wanting to encourage 
correspondence. Perhaps their months 
of solitude in bitter arctic wastes had 
caused each to retreat from contact 
with the other (but two libraries?). In 
the face of such a pattern, however, 
it is clear that the most economical 
solution would be to abolish all jour- 
nals and to offer all articles for sale 
as separates. Could the alternative pro- 
posed by Hedgpeth also be prayerfully 
reconsidered? 


two 


me 


PETER H. KLOPFER 
Department of Zoology, Duke 
University, Durham, North Carolina 


Repetitive Self-Stimulation 


Since Olds and Milner described 
the repetitive self-stimulation by rats 
with electrodes implanted in their 
brain, there has been increasing accept- 
ance of the concept that this self- 
stimulation is of a rewarding nature. 
Certainly it is understandable how this 
view has arisen, but I submit that this 
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MACO-MEDICAL & LIFE SCIENCES is a com- 
prehensive weekly service that lists the tabies 
of contents, most of them in advance, of more 
than 600 primary scientific journals. With this 
service, the scientist is given a unique, con- 
venient method to scan the title pages of 
journals of interest to him without physically 
handling thousands of individual issues per 
year. Spending about one hour per week, he 
can easily check off articles of interest. 
CURRENT CONTENTS also provides, when 
possible, author addresses so scientists can 
write to colleagues for reprints. In addition, 
Original Article Tear Sheets are available. 
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CURRENT CONTENTS OF SPACE & PHYSICAL 
SCIENCES enables scientists to keep up with 
new developments in such fields as missiles 
and rockets, electronics, mathematics, com: 
puters, physics, nuclear energy and instru- 
mentation. This new weekly service compre- 
hensively reports the contents of more than 
500 primary journals—over 100,000 individual 
articles per year. As a special bonus, all 
basic chemical journals are covered in this 
edition of CURRENT CONTENTS. Available 
only to CURRENT CONTENTS subscribers is 
our exclusive Original Article Tear Sheet serv- 
ice, OATS supplies the principal ingredient in 
the effective utilization of scientific informa- 
tion—prompt and convenient access to origi- 
nal documents. And cost of OATS is lower 
than hard-to-read photocopies. 


Gratis review copies of the above listed 
services are available upon request. 


INSTITUTE FOR SCIENTIFIC INFORMATION 
33 SOUTH SEVENTEEN STREET, PHILADELPHIA 3, PA. 
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is not quite the correct significance of | 
the phenomena observed. To equate 
this self-stimulation with reward is to | 
equate it with a consummatory act. A | 
consummatory act is accompanied by | 
gratification and is followed by quies- 
cence and by cessation of appetitive or | 
searching behavior. Prior to culmina- 
tion of the consummatory act an ani- 
mal continues to search incessantly 
for gratification. This is manifested as 
“repetition compulsion” in myriad 
forms resembling the self-stimulation 
phenomenon. A rat, for instance, may 
copulate 50 times in rapid succession 
but stops after ejaculation. 

From the physiological as well as 
the psychological standpoint it would 
appear that this self-stimulation has to 
do with the “promise of a reward,” | 
with a productive phenomenon antic- | 
ipating the consummatory act. The 
questions to be asked are: Does it lead 
to cessation of the specific behavior? 
Is it followed by relaxation and sleep? 
Does a new form of behavior develop | 
upon awakening? If an animal were to 
be stimulated in such a way that this 
sequence of events were to occur, we 
could properly refer to such stimula- 
tion as involving a reward system. (For 
comparison, consider the case of the 
donkey with a carrot held out in front 
of it. The Olds-Milner system never 
allows the donkey to get the carrot.) 
Otherwise we should continue to em- 
ploy the term first used by Olds and 
Milner: positive reinforcement system. 

WILLIAM J. TURNER 
Central Islip State Hospital, 
Central Islip, New York 





Letters in “Science” 





I hope you will permit a reader from | 
foreign parts to offer his thanks to | 
Conway Zirkle for writing the letter on 
degrees and titles [Science 133, 1626 
(1961)] and to you for publishing it. | 
The activities of the Society for the 
Rationalization of the Title of Doctor 
cannot be too widely known. And while | 
I am about it, thanks also to Kirby 
Walker for his letter, in the same issue 
(p. 1648), on books as prestige objects. 

To those of us who spend our lives | 
contemplating the dreary acres of sci- | 
entific literature unrelieved by a spark 
of wit, it is a real joy to read such 
correspondence in a scientific journal. 

BENJAMIN FULLMAN 
29 Hampstead Hill Gardens, 
London, England 
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versatility in 
gas chromatography with 
temperature programming 





Reduce analysis time...improve peak height sensitivity...insure 
complete analysis...make columns more versatile...all with the 
new Beckman ThermotraC* Temperature Programmer. Linear, 
non-linear, and step function programming-—all on the same instru- 
ment, in the same or successive gas chromatograph runs. Rate-to- 
rate switching is not required. - 


ThermotraC is simple to operate. Plot the program with ink, pencil 
or black tape on the Mylar format sheet, insert, set zero and span. 
Optical follower changes column temperature as plotted. Programs 
are reproducible, and any 60-minute or shorter cycle can be plotted. 
Rapid temperature rise, cooling, and equilibration characteristics 
minimize operator effort. Simultaneous programming of sample 
and reference columns insures base line stability, while solid-state 
electronics permit proportional temperature control, maintaining 
temperatures to +0.1°C through 350°C. Designed for direct use 
with Beckman GC-2 and GC-2A Gas Chromatographs, the Thermo- 
traC is adaptable to virtually any laboratory gas chromatograph. 


For full information, see your Beckman laboratory apparatus 
dealer, or write for Data File 38-33-04. 
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The Yellin Case 


A recent editorial, “One in eighteen 
thousand” [Science, 133, 2037 (1961)]. 
begins with the words: “For many sci- 
entific purposes an event that happens 
only once in ten or twenty thousand 
tries is statistically insignificant. 

But in other cases, the focus of interest 
may be on the unusual event itself... .” 
That editorial represents for me just 
such an unusual event, since it is the 
first time that I have found an idea 
proposed by an editor of Science so 


repugnant and outrageous as to compel 
me to express myself in the form of a 
“letter to the editor.” 

I refer, of course, to the suggestion 
that: “To minimize the chance that so 
rare an event [the Edward Yellin case] 
will occur again the [National Science] 
Foundation need only include on its 
application form a question about the 
criminal record of the candidate.” 

I do not know what proportion of 
the members of the scientific com- 
munity have criminal records, but | 
would guess that such individuals must 
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be rare, indeed. Furthermore, to my 
knowledge, there is no evidence what- 
soever that such persons, as a group, 
have demonstrated any lack of scientific 
ability, even if that term is interpreted 
to include such qualifications as “moti- 
vation, independence, objective judg- 
ment, accuracy, and integrity” in their 
scientific endeavors. 

On the other hand, the National 
Science Foundation, and all other 
granting agencies, recognize that some 
small percentage of funds granted for 
scientific investigations is used illegally 
by scientific charlatans for their own 
furtherance or aggrandizement. Again 
however, there is no correlation, to my 
knowledge, between that group of per- 
sons engaging in such unfortunate ac- 
tivities, and the hypothetical group of 
investigators with previous criminal 
histories. Until such a significant, posi- 
tive correlation has been demonstrated, 
it seems to me that the editor’s sugges- 
tion is, at the very least, irrelevant. 

Irrelevance is a sufficient reason not 
to accept a suggestion. However, I do 
not find this idea repugnant primarily 
because it is irrelevant, but because it 
is One more manifestation of a trend in 


present-day society to suggest, and 


| sometimes even to accept, protestations 





and oaths of loyalty, purity, and moral 
righteousness in place of such qualities 
as capability, originality, and creative 
thought. 

RoBERT L. DEHAAN 
3003 North Calvert Street, 
Baltimore, Maryland 


Your proposal in the editorial, “One 
in eighteen thousand,” that National 
Science Foundation fellowship applica- 
tion forms include a question concern- 
ing the candidate’s record of criminal 
convictions is reasonable enough, but 
it fails to touch on the central issue 
raised by the Yellin case—freedom of 
the individual conscience and the pri- 
vacy of ideas. 

National Science Foundation offi- 
cials would not have had to face the 
stern inquisitors of the House Un- 
American Activities Committee if they 
had awarded a fellowship to an indi- 
vidual previously convicted of the 
common crime of embezzlement or 
bigamy. Yellin’s offense was to invite 
an indictment for contempt of Con- 
gress by refusing to answer the House 
Un-American Activities Committee’s 
questions about his past political as- 
sociations on the grounds that this com- 
mittee’s investigation was an encroach- 
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ment of his constitutional rights of free 
speech and asembly guaranteed by the 
First Amendment. Yellin could easily 
have avoided serious difficulty with the 
committee and the citation for con- 
tempt by refusing to cooperate with the 
committee as hundreds of others have 
done in recent years by standing on the 
Fifth Amendment. 

Yellin’s challenge of the committee’s 


| right to probe the political beliefs of 


our citizens was undertaken with the 
clear knowledge that this action could 
result in his imprisonment. His decision 
to undergo this risk is in the highest 
traditions of our nation. It was aware- 
ness of this, I am sure, that helped 
Yellin win his reinstatement as a stu- 
dent after a hearing by the investigating 
committee of the University of Illinois. 
Several years ago, an application for 
financial support of a research project 
on leukemia was rejected by an agency 
of the Public Health Service because 
the principal investigator, Linus Paul- 
ing, had failed to obtain the necessary 


| political clearance. Public opposition to 


this unwarranted interference in re- 
search now makes it unnecessary for an 


| investigator to undergo political screen- 
rs . - * 
| ing to obtain a federal grant for a 


project in the health sciences. 
Protection of freedom of thought is 
particularly important to us as scien- 


| tists. It would be harmful to all of us 


if political clearance became a necessary 
condition to obtaining a federally sup- 
ported fellowship. 

MONROE SCHNEIDER 
Jewish Chronic Disease Hospital, 
Brooklyn, New York 


Krebiozen 


We read with interest your notes on 
the Krebiozen trial [Science 133, 1345 
(1961)], which included reference to 
the Citizens Emergency Committee for 
Krebiozen. 

If any further proof were required 
as to the validity of your statement 
that ‘professional sentiment in the 
field is overwhelmingly against Kre- 
biozen,” it is furnished by your most 
liberal application of the noun scientist 
to George D. Stoddard in connection 
with his criticism of the work of An- 
drew C. Ivy. Indeed, a large question 
involved in the litigation of Ivy versus 
Stoddard is that of freedom of research 
and inquiry in America. But to imply 
that a “scientist” in the field of educa- 
tion is qualified to criticize the work 
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national 


Pal 
chemical 


position 


The 11th 


NATIONAL 
CHEMICAL EXPOSITION 


will be held in the 


CHICAGO AMPHITHEATRE 
SEPTEMBER 5-8, 1961 


at the time of the 140th 
national meeting of the 


AMERICAN CHEMICAL 
SOCIETY 


Everything that’s new in the 


chemical process industries,— 
chemicals, equipment, appara- 
tus, services — plus a series of 
outstanding special exhibits, the 
Trail Blazers of Chemistry, Art 
and Photographic Exhibits by 


chemists, etc. 


PLAN TO ATTEND! 


For information about booth space avail- 
able, and for entry forms and admission 
tickets, write 


National 
Chemical Exposition 
Chicago Section ACS 
86 E. Randolph St., Chicago 1, Ill. 


FRanklin 2-1123 
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of, and imply professional incompe- 

tence on the part of, a physiologist in 

the highly specialized field of cancer 

research is ludicrous, to say the least. 
RuHoDA BoyKo 

Citizens Emergency Committee 

for Krebiozen, New York, New York 


According to American Men of Sci- 


| ence, Stoddard is a former head of the 


department of psychology at the Uni- 
versity In recent he 
has held administrative posts, and he 
is now chancellor of New York Uni- 
versity. —EbD. 


of lowa. vears 


Mathematics Degrees 


I noted with interest the editorial on 
the proposed Doctor of Arts degree for 
noncreative mathematicians [Science 
133, 1979 (1961)]. I commend you for 
publishing it. 

I would urge, however, that it may 
be equally productive to consider a 
more restricted designation than the 
current Ph.D. for programs which stress 
the creative aspects of a discipline more 
than a scholarly treatment of its sub- 
stance, structure, and relation to other 
fields of knowledge. For the former 
group, the Doctor of Mathematics 
might be appropriate. 

H. Craic Sit 
George Peahody College for Teachers, 
Nashville, Tennessee 


Communication between Social 


and Physical Scientists 


In the 12th to 14th paragraphs of 
the New York Times obituary of the 
Soviet physicist Kurchatov (8 Febru- 
ary 1960), the following sentences ap- 
peared (p. 4). 

“One of Dr. Kurchatov’s most sig- 
nificant public statements came in early 
1958 when he publicly asserted that it 
was the Soviet Union, not the United 
States, that invented the 
bomb... . 

“That the Academician’s claim mav 
be correct has been indicated by evi- 
dence published in this country that 
the Soviet 1953 thermonuclear explo- 
sion was accomplished with the use of 
a form of lithium deuteride as a solid. 
This evidence suggests that the Novem- 
ber, 1952, American thermonuclear 
device had to be very bulky because it 
contained much refrigeration apparatus 


hydrogen 
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M20 MICROSCOPE 


The one instrument for all research 


WITH CAMERA 2— Permits continuous bin- 
ocular observation. Phototube deflects 25% 
of light to binocular tube. Special format 
indicating eyepiece provides rapid perfect 
focusing. 

WITH CINETUBE — Use with any 16mm moyie 
camera having 50mm or 75mm focal lengths. 
Focus on specimen during film exposure. 
Contains two built-in beam splitters, pius a 
photocell for exposure determination (with 
galvanometer), and an internal projection 
tube for titling or designating footage. 
WITH INCIDENT LIGHT ATTACHMENT — Permits 
observation and photomicrography under 
bright and dark field conditions, with 
polarization. Optical quality and handling 
convenience fully comparable to specially 
designed incident light microscopes. 





WILD 


: Full 
aA MAMRCMCEECE Factory Services 


and scientific investigation 


WITH DRAWING TUBE — Stress parts of a 
preparation, combine separated details, 
observe and draw various layers of the 
object, secure facsimile or enlarged illus- 
tration of the picture...in perfect operator 
comfort. 


Phase contrast, Varicolor, Universal Lamp, 
and other accessories are also available 
for the Wild M-20. 


Can any other microscope offer so much 
versatility, precision and utility? Your own 
evaluation of this superb Swiss crafted 
instrument will provide the answer. 


WRITE FOR BOOKLET M20. 


*The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes. 


WILD HEERBRUGG INSTRUMENTS, INC. 
PORT WASHINGTON, NEW YORK 


In Canada: Wild of Canada Ltd., 
157 Maclaren St., Ottawa, Ontario 
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= High Temperature : 





*PATENTED U. S. A. 


High Temperature Operation — 

Up to 5100°F for intermittent use, 
4800°F for continuous operation. 
Extremely Compact — 

8” high x 4” diameter working volume con- 
tained within a 20” x 10%” unit. Also avail- 
able, 15” high x 12” diameter working volume 
contained within a 3042” x 22” unit. 

Controlled Atmosphere — Inert gas protects 
charge and furnace element. 

Water-Cooled — Circulation through electrodes, 
coverplates and outer shell. 

Easy Furnace Access — 

Removable top and bottom covers, with hearth 
lift mechanism for bottom loading. 
Unrestricted Viewing — 

Inert gas is directed against side and top sight 
ports to scavenge atmosphere. 

Unusually compact and economical labor- 
atory furnaces meet the severe requirements 
of melting and sintering materials in excess 
of 4500°F. Curtiss-Wright Research Furn- 
aces feature a specially designed cylindrical 
graphite resistance element surrounded by a 
graphite radiation barrier, carbon insulation 
and aluminum outer shell; mounted on a 
vertical supporting column for easy access. 
Equipment and instrumentation is available 
for any degree of semi-automatic or auto- 
matic control. 


ove Systems- Engineering Services available 
Phone SWinburne 9-0500 or write: 


CURTISS (62) WRIGHT 


CORPORATION 
Princeton Division + Princeton, N. J. 


tn Canada: Canadian Curtiss-Wright Ltd. 
287 Horner Avenue, Toronto, Canada 
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needed to keep the heavy hydrogen 
employed in liquid form. Not until 
March, 1954, a half year after the 
Russian explosion, the evidence sug- 
gests, did the United States explode a 
real hydrogen bomb utilizing lithium 
deuteride.” 

If it was news that the Russians had 
the first hydrogen bomb and that there 
was a period of 6 months in which a 
hydrogen-bomb gap existed, then, as 
the following comments suggest, the 
news was—and well 
hidden. 

An informal was conducted 
among social and physical scientists in 
the Cambridge, Massachusetts, area. 
Quite universally social scientists had 
not previously. known that there had 
been an apparent 6-month hydrogen- 
bomb gap in Russia’s favor, and what 
is more, although they professed to 
having read the Times story, they 
(again quite universally) had not ap- 
preciated what being reported. 
Some of these persons, it might be 
noted, teach write about interna- 
tional (and _ particularly military) 
policy. 

Physical scientists, on the other 
hand, did not see the matter as news. 
Quite universally they had “here or 
there” picked up the information given 
in the story, and, what is more, they 
expressed surprise that it was, in some 
quarters, news. 

At least two points are: worthy of 
further consideration. First, the story, 
which if news was surely one of the 
most important stories of the postwar 
period, was not picked up, given head- 
line status, or made any sort of national 
issue by those (congressmen, commen- 
tators, and so on) who make national 
issues. Indeed, when more _ recently 
Khrushchev repeated the assertion, re- 
ports of his speech indicated not that 
he was apparently correct but that this 
was a typical Soviet claim. Second, if 
social scientists are to’ concern them- 
selves with offering advice and evaluat- 
ing national policies, then some means 
must be found by which they are given 





remains—quite 


survey 


was 


and 


at least that information which the 
community of physical scientists has 
acquired. 

Suggestions for the regular transmis- 
sion of such information certainly 
seem in order. 


HARVEY SACKS 
Department of Sociology, 
University of California, Berkeley 
Dayip ZIPSER 
Department of Biology, Harvard 
University, Cambridge, Massachusetts 
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WORTHINGTON 
—RIBONUCLEASE A 


Chromatographically 

Homogeneous 
100 mg—$18.00 
1 gram—$120.00 
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DIAMOND 
KNIVES 


We offer for sale 
a limited number of 
Diamond knives having 


unusually fine edge-quality. 


For information 

contact R. E. Sugg, 

Research Associate, 

Mechanical Research Laboratory E, 
E. 1. du Pont de Nemours & Co. (Inc.), 
101 Beech Street, 

Wilmington 4, Del. 

Phone PRospect 4-7666. 








PHILLIPS & BIRD 
Perimeter 
For measuring the 


peripheral field of 
vision. Consists of 





a broad metal arc, IN 
revolving chart, 
holder and slight hole through the center of rota- 
tion. The object carrier contains five colors, each 
having 1.5 mm, 3 mm, 5 mm, 7 mm, and 10 mm 
apertures, and since each passes through the 
point of fixation, it is possible to take a central 
field. Complete with 50 charts for each eye. 
71-181 
71-182 Perimeter Charts (For right eyes, pkg. 50) 


71-183 Perimeter Charts (For left eyes, Pkg. 50) 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 


6th & Byrd Streets - Richmond, Va. 









































BIOSONIK™ 


for ultrasonic disruption 
of biological cells 


For biochemists, bacteriologists, cytologists ...an 
efficient application of ultrasonic energy to the dis- 
ruption of cellular material. The BIosonik operates 
without excessive noise or heating. Features stable 
tuning, more efficient energy input and wide ca- 
pacity range. 

_Also useful in sonic research on liquids, living 
organisms chemical mixtures and solutions, 


CONTINUOUS FLOW MODEL ALSO AVAILABLE 


Will No. 7799N— | 
Biosonik20KC .. . $1855 
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© Semi Automatic Tuning = © Maximum Energy Input 
@ Quiet 20 Kc Operation 600 Watts 

e Improved Chamber Design ¢ Compact Design 

e Efficient Cooling © Sterilizable Chamber 


I 


CORPORATION 


WIL and subsidiaries 


e Rochester 3,N.Y. © New York 52,N.Y. © Buffalo 5, ¥.Y. 
e Atianta 25, Ga. e Baltimore 24, Md. So. Charleston 3, W. ¥ 
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MEETING ON SMOKING AND LUNG CANCER 
AND ASSOCIATED QUESTIONS 


33rd Sessions International Statistical Institute 
Paris, August 29-September 7, 1961 


Program Organizer—Joseph Berkson, M.D., D.Sc. 


E. Cuyler Hammond, Sc.D., Director Statistical 
Research Section, American Cancer Society 
Review of findings in the chief prospective studies 
on smoking in relation to health 
Geoffrey Dean, M.D., M.R.C.P., Port Elizabeth, 
Union of South Africa 
Comparative mortality from cancer and other 
diseases among immigrant and native born whites, 
in relation to prevalence of smoking 
Joseph Berkson, M.D., D.Sc., Chief, Division of 
Biometry, Mayo Clinic, Rochester, Minnesota 
Difficulty of interpretation of the “association’’ of 
death rates and physical factors 
Harold L. Stewart, M.D., 
Institute, Washington, D.C. 
Experimental investigations of tobacco and cancer 
Diego de Castro, Professor, Istituto di Statistica, 
Universita di Torino, Turin, Italy 
Contributed paper—discussion 
Siegfried Koller, Ph.D., Dr. Med., Statistisches 
Bundesamt, Wiesbaden, Germany 
Contributed paper—discussion 


National Cancer 


Nonmembers of the I.S.I. wishing to present dis- 
cussions should communicate with the program 
organizer, Mayo Clinic, Rochester, Minnesota. 








INEXPENSIVE 
“SCIENCE” 
BINDERS 
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Keep your copies of SCIENCE always available 
for quick, easy reference in this attractive, prac- 
tical binder. Simply snap the magazine in or out 
| in a few seconds—no punching or multilating. 
It opens FLAT—for easy reference and read- 
ability. Sturdily constructed—holds 26 issues. 


Now made of stronger materials-and with a 4-inch 
spine to accommodate heavier volumes. 


This beautiful maroon buckram binder stamped 
in gold leaf will make a fine addition to your 
library. Only $3.25 postpaid; add 50¢ for or- 
ders outside the U.S. (Personal check or money 
order, please.) Name of owner, 75¢ extra; year 
of issues, 50¢ extra. 
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PROGRAMMING 


MATHEMATICAL 
PROGRAMMER 


Our recently established EDP Center offers 
opportunity for person with one year or 
more programming experience (Burroughs 
220 preferred but not necessary). Masters 
degree in Math desired. Interesting, chal- 
lenging work atmosphere provides chance 
for applying creative abilities in connection 
with implementation of ALGOL. Progres- 
sive salary policies, broad company bene- 
fits; modern facilities. Send complete 
résumé including salary needs to: 


MR. SCOTT M. FUESS 
Smith Kline & French 
Laboratories 


1526 Spring Garden Street 
Philadelphia 1, Pa. 
An Equal Opportunity Employer 





Ph.D. PARASITOLOGIST 


firm 
assume responsible 


Large midwestern pharmaceutical 
needs young man to 
role in tropical disease research group. 
New drug agents currently being sought © 
in fields of amebiasis, shistosomiasis, 
oxyuriasis, intestinal worms, etc. Experi- 
ence desirable but not necessary. Appli- 
cant must be willing and able ultimately 
to assume both technical and administra- 


tive duties of project leadership. Write, 
sending complete résumé and _ bibliog- 
raphy to: 


P.O. Box 1047 
Ann Arbor, Michigan 























RESEARCH 
MICROSCOPIST 


Opportunity for a __ scientist 


qualified to conduct optical mi- 
croscopical investigations in a 
well-equipped laboratory, to as- 
sist in the solution of food tech- 


The 
an ability to develop 


nology problems. position 


calls for 


new techniques, adapt old ones; 


and, importantly, to interpret 
the data to scientists in other 
disciplines. 


Send complete résumé in confi- 


dence, including current salary, 


to Supervisor of Employment 


Research Center 
GENERAL FOODS 


555 S. Broadway 
Tarrytown, N.Y. 


An equal opportunity employer. 
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BIOLOGICAL 
SCIENTIST 


EXPLORATORY R&D 
CREATIVE, ENERGETIC Ph.D. 


—with broad biological background; 
able to work effectively with both top 
scientific and managerial personnel. 
Must possess strong facility in oral and 
written communication. Experience in 
pharmaceutical industry highly desir- 
able. Ability to speak foreign language 
very helpful but not essenticl. 


THE JOB 


—to seek out potentially useful thera- 
peutic compounds from sources outside 
our own laboratories and to preliminarily 
evaluate these agents with laboratory 
scientists representing all biological dis- 
ciplines. Good opportunity for domestic 
and foreign travel and attendance at 
appropriate scientific meetings. 

Send complete résumé including salary 
requirements to: 

W. R. HALL 
SMITH KLINE & FRENCH 

LABORATORIES 


1514 Spring Garden Street 
Philadelphia 1, Pa. 


An Equal Opportunity Employer 

inn! §—-FELLOWsHres iil 
Predoctoral Fellows in Physiology: Support 
is available for study leading to the M.S. and 
Ph.D. degrees in physiology. Stifends vary 
with training between $2400 and $3600 per 
annum. Opportunities are available to do 
graduate work in endocrinology, cardiovascu- 
lar or respiratory physiology, radiobiology 
and various other areas. Write to Dr. 
Bredeck, Department of Physiology, Colo- 
rado State University, Fort Collins, Colorado. 


The Market Place 


thi SUPPLIES AND EQUIPMENT jj 
e HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 


HORMONE ASSAY LABORATORIES, Inc. 
8169 South th Spaulding Ave., Chicago 29, Ill. 







































AS = 
TOGRAPHY 
plies 


and FATTY ACID STANDARDS 


APPLIED SCIENCE LABORATORIES, INC. 
Dept. S, Box 140 
State College, Penna. 




















Send for 
booklet 





TACONIC 
FARMS 


GERMANTOWN NEW YORK 
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| {ll SUPPLIES AND EQUIPMENT jj 


YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 
Serums, antiserums and bloods * 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 
COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 


ANIMAL CAGES 


BUY DIRECT FROM MANUFACTURER 
SHIPMENT OF STANDARD ITEMS 
FROM STOCK 
HOELTGE BROS., Inc. 
1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated Catalog 
SERVICE SINCE 1856 

































Now taking orders for: 


CsH > AKR > STRONG A - Cs7BL 
(C3H x 101) FA 


TEXAS INBRES MICE €COGz 
305 Almeda-Genoa Rd.; R.F.D. 7, Box 1232-C 
Houston 21, Texas 


De You Need: 
Silicic Acid? 
(Specially prepared for lipid chromatography) 
ASK FOR PRICE LIST SSA 


| CLD Laboratories — 
32nd & GRIFFIN AVE. « mains mascara CALIFORNIA 























CHARLES RIVER *CD-1 
® (Caesarean-derived) 


ALBINO 


sc Cc 


SWISS ICR 





aol 


* Trade- 
mark 


Hypophysectomies available 
THE CHARLES RIVER 
MOUSE FARMS 


1018 Beacon St., Brookline 46, Mass., RE 4-2000 








CLIMAX 


AUTOCLAVES 


RECTANGULAR & CYLINDRICAL 


ALL gg fsa HEATS — 45 YEARS MFRS 
FOR LITERATU 


RE 
THE HOSPITAL SUPPLY CO., 304 E. 23 St., N.Y. 10 








ill] BOOKS AND MAGAZINES jill 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description i 
periodical files you are willing to sell at high ma 
ket prices. Write Dept. A38, C ANN Tne. 
Massachusetts 





Peoeed 3% 








! FOR UP-TO-DATE INFORMATION ON | 


GAS CHROMATOGRAPHY 


READ AEROGRAPH RESEARCH NOTES 





' 
1 
| 
Fra 
| ! ree Box 313-A * Walnut Creek, Calif. 


\ 
write for your ! 
f WILKENS INSTRUMENT & RESEARCH INC. ( 
subscription : 

2 
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styles available but not shown 





Kimble offers—at no extra cost... 





the world’s most 





Including Volumetric, Ostwald-Folin, 
Measuring, Serological and 
Bacteriological pipets. 


Your laboratory dealer now has stocks of at least 20 
varieties of Kimble pipets, color-coded to provide these 
advantages for your laboratory: 


# INSTANT SIZE IDENTIFICATION 
# REDUCED SORTING TIME 
# LESS CHANCE OF ERROR 
# SIMPLIFIED CODING SYSTEM 
# LONG-LASTING COLOR BANDS 
# CODED, EASY-OPEN CARTONS 


There’s no extra charge for color-coding. And, Kimble 
dealers offer new discounts of 28% when your order 
for assorted Kimble ware totals 150 cases, 


i 
; . standard size 
| CODECHART 
: for the complete Haeef { 
t ° KIMBLE | 
COLOR-CODED | 
os 
PIPETS | 
i : Send for this handy 
} volumetric Kimble color/size code 
i ostwald-folin chart. Drop a card to 
i serological Kimble Glass Company, 
j bacteriolagical Dept. CC-2, (SC-8) 
! meceuring Toledo 1, Ohio. 


KIMBLE LABORATORY GLASSWARE OweEN S -ILLINOIS 


an (I) PRODUCT 


GENERAL OFFICES - TOLEDO 1, OHIO 





New! 


AO FLUORESTAR 


Now you can meet the rapidly growing requirements 
of fluorescence microscopy with 
AO’s New FLUORESTAR Microscope and Accessories 


A complete FLUORESTAR outfit consists, essen- 
tially, of an AO Spencer Microstar equipped with 
a special dark field stop in the condenser and a 
barrier filter over the compensating lens in the 
body; plus an AO Merc-Arc, Osram HBO-200, 
Illuminator with exciter filter for selective trans- 
mission of light rich in ultra-violet. This new AO 
FLUORESTAR outfit meets the most exacting re- 
quirements for dark field fluorescent antibody tests 
for pathogenic and non-pathogenic organisms. 

There are many FLUORESTAR models you can 
choose from... each will give you unequalled con- 
venience and versatility. FLUORESTAR Series 12 
and 14 can be used for dark field fluorescence and 
ordinary bright field microscopy; Series 16 and L16 
can be used for dark field fluorescence, phase and 
ordinary bright field microscopy. 


American ©) Optical 


COMPANY 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


In addition to complete FLUORESTAR outfits, 
AO offers fluorescence accessories to equip your 
present AO Spencer bright field or phase micro- 
scope for dark field fluorescence. 

You can use your present microscope for rapid 
scanning of exfoliative cytology and related tech- 
niques by the simple addition of proper filters and 
the AO Spencer 390B Illuminator (with AH4 Mer- 
cury Arc Lamp) 

For complete information on the new FLUOR- 
ESTAR and complete accessories for fluorescence 
microscopy write for our new Brochure SB12, or 
contact your AO Sales Representative. He is thor- 
oughly trained in .the techniques of fluorescence 
microscopy. Help with your specific problems is 
yours for the asking. 


Dept. V-3 
Please forward the new FLUORESTAR Microscope 
Brochure SB12 


Name 


Address 


____ Zone_ 


IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 





eee 


